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HIS  little  book  has  been  compiled  from  the 
“Threshers’  School  of  Modern  Methods.”  It 
consists  of  the  lessons  on  the  boiler  and  engine, 
beginning  with  the  August  issue,  1906,  of  The 
American  Thresherman. 

These  lessons  were  prepared  originally  in 
the  form  of  lectures  for  the  farm  engineering 
[students  of  the  North  Dakota  Agricultural  College,  and 
vere  used  for  several  years  by  Professor  P.  S.  Rose'in  his 
{class  work  before  he  prepared  them  for  The  American 
(Thresherman. 

Simplicity  has  been  the  watchword  in  the  preparation 
of  these  lessons.  The  writer  realized  that  they  were  for 
the  use  of  boys  and  men  who  had  practically  no  technical 
training  and  who  wanted  something  that  anyone  of  aver- 
age intelligence  could  understand.  Consequently,  wher- 
ever it  has  been  possible  to  state  a truth  in  simple  words, 
this  has  been  done.  This  book  contains  almost  no  mathe- 
matics and  no  long  discussions  of  heat  and  heat  units. 
It  is  a plain,  practical  book  for  men  in  the  field. 

A large  number  of  things  usually  found  in  other  engi- 
neering books  have  been  omitted,  but  that  is  thought  to 
be  an  advantage  since  the  things  omitted  have  no  direct 
hearing  on  the  traction  engine.  On  the  other  hand,  there 
are  many  things  touched  upon  not  found  in  other  engi- 
neering books,  notably  the  chapter  on  reversing  gears 
and  on  valve  setting. 

The  lessons  of  this  series  dealing  with  the  separators 
are  not  yet  completed  and  consequently  it  was  deemed 
advisable  to  make  two  volumes  of  the  work  and  publish 
both  under  the  title,  “The  Thresher’s  Guide.”  Volume 
two,  dealing  with  the  separator,  will  follow. 
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CHAPTER  I. 


POWER  OF  STEAM  AND  TYPES  OF  BOILERS. 

THE  POWER  OF  STEAM. 

! Every  man  who  runs  a traction  engine  ought  to  know  something 
>f  the  magnitude  of  the  force  he  is  working  with.  He  ought  to  know 
something  about  the  strength  of  the  materials  in  his  boiler  and  en- 
gine. He  ought  to  know  the  exact  construction  of  every  part  of  his 
nachine.  He  ought  to  know  how  to  make  all  necessary  repairs  and 
make  all  necessary  adjustments,  and  he  ought  to  be  familiar  with 
the  scientific  laws  governing  every  operation  of  an  engine  or  any  of 
its  parts. 

So  far  as  possible  without  taking  up  mathematical  theory  further 
than  can  be  done  with  simple  arithmetic,  the  following  lessons  will 
present  the  subject  in  accordance  with  the  general  outline  laid  down 
above. 

When  the  writer  was  asked  seven  years  ago  to  prepare  a course 
of  lectures  in  traction  engineering  for  the  students  of  the  North 
Dakota  Agricultural  College,  the  authorities  who  were  most  inter- 
ested in  the  work  requested  that  the  students  be  given  a lecture  on 
the  power  of  steam,  and  impressed  as  strongly  as  possible  with  the 
amount  of  energy  stored  within  the  walls  of  a steam  boiler.  The 
aim  being  to  impress  the  students  so  strongly  with  the  magnitude 
of  the  force  the  steam  engineer  has  to  deal  with,  that  they  would 
never  lose  a wholesome  respect  for  a steam  engine.  This  lecture 
has  served  its  purpose  so  well  that  it  is  offered  here  without  further 
comment. 

The  boiler  generates  the  power  for  the  engine  and  is  therefore  the 
most  important  feature  of  a traction  engine.  It  is  the  part  that 
gives  the  most  trouble,  the  part  that  wears  out  first,  and  the  most 
dangerous  part.  When  properly  handled  and  cared  for  it  is  per- 
fectly safe,  but  the  fact  must  never  be  lost  sight  of  that  it  may,  if 
neglected,  be  one  of  the  most  terribly  destructive  agents  that  man 
has  to  deal  with.  Comparatively  few  people  who  handle  steam  en- 
gines, and  especially  farm  engines,  have  a clear  idea  of  the  power 
stored  within  the  walls  of  an  ordinary  traction  engine  boiler.  It 
seems  advisable,  therefore,  in  the  very  beginning  to  present  this 
side  of  the  subject  with  the  hope  that  it  will  induce  every  one  who 
reads  this  article  to  give  more  care  and  attention  to  the  boiler  than 
it  generally  receives. 
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The  enormous  amount  of  energy  in  steam  and  heated  water  unde  r 
presssure  is  hard  to  comprehend.  Even  after  seeing  the  figures  the,  v 3 
are  so  large  that  the  mind  scarcely  grasps  their  meaning.  In  ordeii  % 
therefore,  to  present  the  matter  as  clearly  as  possible  we  will  takjk* 
for  example  a well  known  traction  engine  equipped  with  a direc  j t 
flue  boiler.  The  specifications  laid  down  in  the  builder’s  catalogs  |e  j 
are  as  follows : Size  of  engine,  ten  by  thirteen  inches ; diamete:  r 
of  boiler  shell,  thirty-four  inches;  length  of  boiler,  ninety  inches^  ; 
length  of  fire  box,  fifty- two  inches;  height,  twenty-eight  and  one  ■ 
half  inches;  width,  twenty-nine  inches.  Number  of  flues,  ninety  ; 
diameter  of  flues,  two  and  one-half  inches.  Total  weight  of  engin  e 
without  water,  22,830  pounds.  Weight  of  water  with  two  inche:  s 
showing  in  the  glass,  3,250  pounds.  As  traction  engines  are  com  - 
monly rated  this  would  be  properly  a 25-horse  power  en  - 
gine.  The  number  of  cubic  feet  of  water  in  the  boiler  was  found 
to  be  fifty-two,  and  the  steam  space  about  twenty-six  cubic  feet  as; 
nearly  as  could  be  estimated.  This  gives  a ratio  of  two  cubic  fee  t 
of  water  space  to  one  of  steam,  which  is  about  right  for  boilers  o f 
this  class.  The  steam  pressure  was  taken  at  150  pounds  gauge  pres  - 
sure and  the  computations  made  accordingly. 


From  Thurston's  Manual  of  the  Steam  Boiler 


Steam  Pressure 
above  a vacuum  in 
pounds  per  square 
inch 

Temperature  in  degrees 
Fahrenheit  of  the 
steam  and  the  water 
from  which  it  was 
formed 

Amount  of  energy  in 
foot  lbs.  contained  in 

1 lb.  of  water,  which 
may  be  set  free  by  ex- 
plosion or  expansion  to 
atmospheric  pressure 

=M 

Total  number  of  fod  <t 
lbs.  of  energy  contain  ied 
in  one  lb.  of  steam  yit 
corresponding  tempe  r- 
ature  and  pressure 

20 

227.9 

145.9 

17018.8 
39735.4  ? 

30 

250.2 

813.5 

10 

267.1 

1645.7 

dd7o i .4 

50 

280.8 

2550.4 

68164.2 

60 

295.2 

3449.2 

78333.8  ii 

70 

302.7 

4361.1 

86938.8  P 

80 

311.8 

5206.5 

94345.2 

90 

320.0 

6058.1 

100872.8 

100 

327.5 

6885.2 

106672.8 

110 

334.5 

7689.0 

112023.9 

120 

340.9 

8483.1 

116808.5 

130 

347.0 

9252.6 

121278.2 

140 

352.7 

9992.6 

125374.7 

160 

363.2 

10536.5 

129003.7 

165 

365.7 

11823.4 

134521.2 

The  weight  of  a cubic  foot  of  steam  at  150  pounds  pressure  is 
shown  by  the  steam  tables  to  be  .374478  of  a pound,  which  multiplied 
by  26,  the  number  of  cubic  feet  of  steam  in  the  boiler,  gives  9.73 
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pounds  of  water  in  the  form  of  steam.  Each  pound  weight  of  steam 
at  150  pounds  gauge  pressure  contains  134,521.2  foot  pounds  of  energy 
which  may  be  set  free  by  explosion,  as  will  be  seen  on  referring  to 
the  accompanying  table.  This  number  multiplied  by  9.73  gives  a 
/product  of  1,308,887.3,  which  represents  the  total  number  of  foot 
(pounds  of  energy  stored  in  the  steam  alone. 

Since  water  in  a boiler  at  150  pounds  pressure  has  a correspond- 
ing temperature  of  365.7  degrees  Fahrenheit,  it  also  contains  a great 
amount  of  energy  which  may  be  set  free  by  explosion.  Pound  for 
pound  there  is  not  as  much  energy  in  the  water  as  there  is  in  the 
steam,  but  there  are  so  many  more  pounds  of  the  former  than  of 
Ihe  latter  that  the  total  amount  of  energy  in  the  water  greatly  ex- 
ceeds that  in  the  steam. 

Cold  water  is  not  explosive  at  any  pressure  because  water  is  not 
compressible,  and  consequently  it  has  no  tendency  to  expand  when 
the  pressure  is  removed.  Hot  water,  however,  if  hotter  than  212  de- 
grees Fahrenheit,  has  a certain  amount  of  explosive  energy  depend- 
ing upon  the  pressure  and  corresponding  temperature,  because  the 
heat  that  it  contains  above  212  degrees  will,  in  the  case  of  an  ex- 
plosion, turn  a large  amount  of  the  water  into  steam,  which  of  course 
has  a tendency  to  expand.  The  amount  of  energy  in  one  pound  of 
water  at  150  pounds  pressure  which  might  be  set  free  by  explosion 
is  shown  in  column  3 of  the  accompanying  table  to  be  11,823.4  foot 
pounds.  In  3,240  pounds  of  water,  (the  small  decimal  was  dropped 
to  avoid  fractions)  there  are  11,823.4  times  3,240  or  38,307,816  foot 
pounds  of  energy  in  the  water,  which  added  to  the  energy  in  the 
steam  makes  a total  of  39,616,703.3  foot  pounds  of  energy  stored 
within  the  walls  of  a boiler  and  which  would  be  set  free  to  do  de- 
structive work  in  case  of  an  explosion. 

If  this  energy  could  all  be  applied  as  the  powder  is  in  a rifle  to 
shoot  a ball  weighing  one  pound  vertically  into  the  air,  it  would  be 
sufficient  to  hurl  such  a missile  the  almost  incredible  distance  of 
39,616,703  feet,  or  almost  7,500  miles.  A ball  traveling  with  velocity 
enough  to  go  so  far  would  undoubtedly  pass  beyond  the  earth’s  at- 
tractive force  and  would  forever  afterward  circle  through  space  as 
a meteor.  In  order  to  get  a still  clearer  idea  of  what  such  a tre- 
mendous amount  of  energy  means,  we  will  see  what  would  happen 
if,  instead  of  applying  the  power  to  a ball  weighing  only  a pound, 
we  applied  it  in  the  same  way  to  the  whole  engine  weighing,  as  be- 
fore stated,  22,830  pounds.  A little  calculation  shows  that  it  would 
leave  the  earth  with  a velocity  of  384.2  feet  per  second  and  rise  to  a 
height  of  1,735  feet,  almost  one-third  of  a mile.  At  such  a height 
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ifc  would  appear  a mere  speck  in  the  sky,  sailing  high  above  most  01  r 
the  clouds.  Or  if  this  total  amount  of  energy  were  applied  to  ay 
cannon  ball  weighing  one  ton,  it  would  shoot  upward  with  a velocity!’, 
of  1,101  feet  per  second  and  finally  reach  an  elevation  of  over  three Jh 
and  one-half  miles.  t 

The  above  illustrations  point  out  more  clearly  than  mere  figures^ 
the  tremendous  amount  of  energy  the  traction  engineer  has  at  his*r 
command.  They  also,  it  is  hoped,  emphasize  the  necessity  for; 
keeping  this  force  under  control. 

Some  men  through  ignorance,  and  others  through  long  experience, 
acquire  a certain  contempt  for  the  power  of  steam.  They  do  not 
hesitate  to  run  any  sort  of  an  engine  or  to  carry  any  pressure  that 
suits  their  fancy.  The  gauge  may  be  wrong  or  the  pop  valve  may 
be  wrong  or  the  water  be  low,  but  these  men  have  no  fear  because 
they  do  not  realize  the  risk  they  are  taking.  Such  men  and  those 
that  work  with  them  are  in  constant  danger,  for  steam  is  no  re* 
spector  of  persons.  It  is  a good  servant  or  a merciless  destroyer,  de- 
pending upon  how  it  is  handled. 

The  writer  once  heard  a fellow  say  concerning  an  old  condemned 
Ames  boiler,  “I  am  not  afraid  to  run  that  engine;  I’d  just  as  soon 
run  that  machine  as  any  in  the  country.”  That  fellow  was  not 
brave,  he  was  just  a plain  fool,  and  he  did  not  know  when  he  made 
that  remark  that  he  was  advertising  the  fact  that  he  was  not  an  en- 
gineer. A good  engineer  would  not  say  such  a thing;  he  under- 
stands the  danger  too  well  and  will  not  take  unnecessary  chances ; 
on  the  contrary,  he  takes  every  precaution  to  make  both  life  and 
property  safe.  He  should  have  plenty  of  nerve  and  a c ool  head  in 
case  danger  does  arise  or  he  will  be  a poor  man  to  put  in  charge 
of  machinery.  A man  never  becomes  a good  traction  engineer  until 
he  gets  over  a certain  nervousness  that  all  beginners  experience  when 
they  first  begin  to  work  with  an  engine,  but  when  that  time  of  self 
confidence  arrives  he  should  guard  against  feeling  too  sure  and 
becoming  careless  and  reckless.  While  the  lesson  just  presented 
may  seem  to  be  calculated  to  inspire  fear  of  an  engine,  the  fact  is 
that  no  such  result  is  anticipated.  There  is  a difference  between 
fear  and  proper  respect.  This  lesson  is  intended  merely  to  inspire 
respect  for  an  almost  limitless  force,  with  the  hope,  as  before  stated, 
that  it  will  induce  those  engineers  who  read  to  be  more  careful. 

types  of  boilers. 

Taking  up  the  subject  of  boilers  in  a general  way  without  especial 
reference  to  the  traction  engine,  we  find  that  they  may  be  classified 
in  several  ways.  To  begin  with,  they  may  be  divided  into  two 
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jtnain  classes,  one  comprising  those  which  are  internally  fired,  and 
jthe  other  those  that  are  externally  fired. 

Internally  fired  boilers  are  provided  with  a fire  box  or  furnace 
within  its  own  walls.  All  locomotive  boilers,  traction  engine  boilers, 
marine  boilers,  and  many  boilers  used  in  stationary  engines  belong 
in  this  class. 

Externally  fired  boilers  are  placed  over  a furnace  built  especially 
for  them  and  are  set  in  a brick  setting.  They  are  therefore  not  de- 
signed for  portable  purposes,  and  find  their  widest  application  for 
mill  and  factory  work  and  for  central  heating  plants. 

These  two  classes  may  be  again  divided  into  two  more  classes  de- 
pending upon  the  course  taken  by  the  hot  gases,  one  being  composed 
of  shell  or  tubular  boilers, 
known  as  fire  tube  boilers, 
and  the  other  as  water  tube 
boilers. 

In  the  fire  tube  boiler  the 
hot  gases  pass  through  the 
inside  of  the  tubes  or  flues 
on  their  way  to  the  chim- 
ney, and  water  circulates 
about  the  outside.  In  the 
water  tube  boiler  these  con- 
ditions are  reversed,  water 
occupies  the  space  inside  the 
tubes  and  the  hot  gases  pass 
ion  the  outside.  Both  types 
of  boiler  have  certain  advan- 
tages peculiar  to  themselves. 

The  water  tube  boiler  is  a 
quicker  steamer  than  the  fire 
tube  because  there  is  no 
large  mass  of  water  in  one 
body  to  be  acted  upon  by  the 
hot  gases,  since  it  is  very  ef- 
fectually broken  up  by  the 
large  number  of  water  tubes. 

Boilers  of  this  class  are  also  less  liable  to  a dangerous  explosion,  for 
if  an  explosion  does  occur  at  all,  only  one  or  two  tubes  are  likely 
to  let  go,  in  which  case  no  great  damage  either  to  life  or  property 
is  apt  to  take  place.  On  the  other  hand,  these  boilers  are  much 
more  expensive  than  fire  tube  boilers  and  are  much  harder  to  keep 
in  good  working  order.  Many  manufacturing  plants  and  some  steam 
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ships  are  equipped  with  boilers  of  this  class,  but  all  locomotive  boil- 
ers, and  all  traction  engine  boilers,  with  but  one  exception,  are  of 
the  fire  tube  class. 

Boilers  may  also  be  classified  according  to  form  as  either  horizontal 
or  vertical.  Vertical  boilers  are  not  as  efficient  as  horizontal  ones 
and  are  not  generally  used  except  where  there  is  plenty  of  overhead 
room  and  floor  space  is  very  valuable. 

In  stationary  practice  there  are  a great  many  different  conditions 
to  meet  and  a great  variety  of  work  to  be  performed,  thus  giving 
rise  to  a large  number  of  different  types  of  boilers,  but  in  traction 
engineering  the  case  is  different.  The  work  a traction  engine  has  to 
perform  is  practically  the  same  everywhere,  whether  it  is  used  in 
threshing,  plowing  or  freighting;  consequently  there  are  not  so  many 
types  of  boiler  in  use  as  in  stationary  practice.  At  the  present  time 
nearly  all  traction  engine  boilers  may  be  divided  into  two  classes, 
the  fire  box  direct  flue  boiler  and  the  return  flue,  with  the  direct 
flue  considerably  in  the  lead  as  to  the  number  in  active  use.  Both 
types  of  boiler  have  been  used  for  a great  many  years  and  both  have 
given  satisfaction  to  their  users.  Since  both  have  their  strong  points 
and  both  have  defects,  a discussion  of  which  will  be  given  later,  it 
seems  well  to  call  the  reader’s  attention  to  the  fact  right  here  that 
it  is  impossible  to  construct  a boiler  or  any  other  piece  of  machinery 
that  is  entirely  perfect.  The  best  the  designer  of  machinery  can  do 
is  to  compromise  what,  in  his  judgment,  are  the  least  vital  points, 
and  consciously  or  unconsciously  this  is  just  what  he  does  do  in 
every  case. 


When  the  wheat  raising  prairie  states  were  being  developed,  it  be- 
came necessary  to  invent  a boiler  that  would  burn  straw,  on  account 
of  the  high  price  of  wood  and  coal  and  the  difficulty  of  getting  it  at 
any  price.  One  of  the  first  really  successful  straw  burners  was  the 
Michner  return  flue  boiler  shown  in  Figure  1.  The  boiler  was  a good 
steamer  and  was  built  of  good  material,  but  it  violated  two  of  the 
first  principles  of  correct  boiler  design.  One  portion  of  the  boiler, 
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the  Y-shaped  space  between  the  main  flue  and  the  shell,  was  diffi- 
cult to  clean  thoroughly,  and  the  lower  sheet  in  the  main  flue  was 
not  protected  by  water  on  the  side  opposite  the  fire.  As  a result  of 
these  two  defects,  these  boilers,  after  a few  years’  use,  became  burned 
and  weakened  at  these  two  points,  and  became  exceedingly  danger- 
ous. A great  many  of  them  blew  up,  killing  members  of  the  crew 
and  damaging  property.  Since  then  very  great  care  has  been  exer- 
cised generally  in  building  traction  engine  boilers,  with  the  gratify- 
ing result  that  they  are  now  as  safe  as  any  other  class  of  boiler 
on  the  market. 

Figure  2 represents  the  leading  features  of  the  return-flue  boiler. 
Different  companies  modify  the  details  of  construction  to  some  ex- 
tent, but  the  principal  features  remain  the  same.  For  example, 
some  manufacturers  provide  the  conjbustion  chamber  with  an  an- 
nular water-ring  connected  with  the  main  water  space  of  the  boiler, 
while  others  merely  put  in  a fire  brick  lining  to  protect  the  metal 
in  the  walls  of  the  combustion  chamber.  This  type  of  boiler  is  a 
modification  of  the  Scotch  boiler  so  long  used  and  so  favorably 
known  in  stationary  practice.  Figure  2 shows  the  boiler  used  as  a 
coal  burner,  and  Figure  3 shows  the  arrangement  of  the  fire  box  and 
grates  when  burning  straw.  In  straw  burners  the  grates  are  placed 
slightly  above  the  center  of  the  main  flue. 

Among  the  good  features  of  this  type  of  boiler  may  be  mentioned 
its  absence  of  flat  plates  and  of  stay  bolts,  its  cheapness  of  construc- 
tion, and  the  comparative  ease  with  which  it  may  be  cleaned.  Hav- 
ing no  low  hanging  fire  box  it  is  raised  above  the  ordinary  obstruc- 
tions in  the  road,  which  is  of  considerable  advantage  in  rough,  stony 
ground,  a feature  which  has  caused  this  type  of  boiler  to  be  used 
largely  for  freighting  in  mountainous  districts. 

To  offset  these  advantages  it  has  a relatively  small  fire  box  and  a 
small  ash-pan,  which  necessitates  considerable  care  on  the  part  of  the 
fireman  to  prevent  the  ashes  from  filling  under  the  grates  and  thus 
burning  them  out.  By  making  the  main  flue  larger  these  defects 
might  in  a measure  be  overcome,  but  this  on  the  other  hand  intro- 
duces an  element  of  weakness,  since  it  is  a well-known  fact  that  a 
tube  is  less  liable  to  withstand  external  pressure  than  internal,  and 
its  strength  rapidly  diminishes  as  its  diameter  increases.  Conse- 
quently in  all  traction  boilers  built  east  of  the  Bocky  Mountains  the 
size  of  the  main  flue  is  made  as  small  as  possible,  ranging  only  from 
24  to  28  inches  in  diameter.  On  the  Pacific  Coast,  however,  some 
boilers  are  built  with  main  flues  upwards  of  four  feet  in  diameter 
which  are  reinforced  by  being  corrugated,  as  shown  in  Figure  4.  This 
adds  considerable  strength  to  the  flues,  but  at  the  same  time  makes 
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a convenient  place  for  the  accumulation  of  sediment  and  scale.  The; 
main  shell  in  these  boilers  is  large  in  diameter  for  the  amount  of 
power  developed,  and  this,  added  to  the  fact  of  a smoke  stack  in  the* 
rear  end  is  considered  a valid  objection  by  some  good  engineers,  j 

Figure  5 represents  a direct  flue,  locomotive  fire  box  boiler  adapted! 
for  burning  straw.  All  principal  parts  are  lettered  and  their  names' 
appear  in  the  following  key : 

A represents  the  shell;  B,  the  dome;  C,  the  flues;  D,  the  fire-box  f 
E,  the  grates ; F,  the  dead-plate ; G,  the  ash-pit ; H,  the  crown-sheet 
I,  the  flue-sheets;  J,  the  smoke-box;  K,  the  chimney;  L,  the  smoke- 
box  door ; M,  the  water-leg ; N,  the  draft  doors ; O,  the  straw  chute  t 
P,  the  fire  brick  arch;  Q,  the  handholes;  R,  fingers  for  guiding  the 
straw;  S,  a through  stay;  T,  the  fusible  plug;  U,  the  stay-bolts!; 
V,  the  waist  seam ; W,  reinforcing  rings  about  openings ; X,  thcb 
filling  plugs;  Y,  are  diagonal  stays;  Z,  small  door  on  side  of  boiler 
for  cleaning  the  end  of  the  flues;  AQ,  cleaning  plug;  AN,  the  ex- 
haust nozzle;  OD,  door  in  straw  chute. 

The  particular  advantages  claimed  for  this  type  of  boiler  are : 
the  small  diameter  of  the  main  shell,  a feature  which  adds  strength, 
for  it  can  easily  be  proven  that  with  the  same  thickness  of  metal  a 
tube  becomes  stronger  as  its  diameter  becomes  less ; its  neat  appear- 
ance, its  large  fire  box,  large  ash-pan,  and  large  grate  area,  which 
make  it  an  easy  boiler  to  steam  and  one  that  is  easy  to  crowd  in 
case  of  emergency,  and  lastly,  the  convenient  arrangement  of  valves 
and  levers  made  possible  by  having  the  smoke  stack  on  the  front 
end.  In  connection  with  these  advantages  there  are  of  course  some 
inherent  defects,  among  which  may  be  mentioned  the  flat  plates  of 
the  rectangular  fire  box  and  the  large  number  of  stay-bolts  necessary 
to  hold  it  in  shape,  both  of  which  will  presently  be  shown  are  in 
some  respects  elements  of  weakness;  added  to  this  is  the  difficulty 
of  cleaning,  the  liability  of  burning  the  crown  sheet  and  the  dan- 
ger of  the  low-hanging  fire  box  dragging  in  the  mud  in  going  over 
soft  ground  or  catching  obstructions  in  the  road. 

The  tendency  of  pressure  within  a boiler  is  to  make  all  flat  plates 
assume  a spherical  or  semi-spherical  form,  thus  placing  them  under 
two  kinds  of  strain,  viz.,  bending  and  tension.  It  is,  therefore, 
necessary  to  put  in  stay-bolts  or  braces  to  support  all  the  flat  plates, 
such  as  the  walls  of  the  fire  box,  the  top  of  the  dome,  and  that  part 
of  the  flue-sheets  above  the  flues.  The  flues  act  as  tie-rods  for  the 
space  they  occupy.  The  number  of  stay-bolts  and  their  size  de- 
pends upon  the  thickness  of  the  boiler  plate  and  the  steam  pressure 
carried.  Buies  have  been  laid  down  covering  these  points  and  all 
boiler  makers  are  governed  accordingly.  In  traction  engines  each 
stay-bolt  supports  approximately  twenty  square  inches  of  surface. 
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The  objections  to  this  form  of  construction  lie  in,  first,  the  diffi- 
culty of  cleaning  occasioned  by  a large  number  of  stay-bolts ; second, 
the  added  strain  placed  upon  stay-bolts  and  upon  the  unsupported 
part  of  the  plate  in  case  one  breaks;  and  third,  the  possibility  of 
corrosion  at  the  point  where  the  stay-bolt  penetrates  the  plate.  While 
these  objections  hold  good  to  a greater  or  less  extent,  the  fact  must 
not  be  lost  sight  of  that  these  boilers  have  stood  the  test  in  the  field 
and  have  honestly  earned  their  popularity. 

In  Figure  5 the  flue  sheets  are  braced  by  what  is  called  a through 
stay,  that  is,  a rod  passing  through  both  flue  sheets  and  riveted  at 
each  end.  There  are,  however,  two  other  methods  of  bracing  in  com- 
mon use.  One  is  by  means  of  diagonal  stays  from  the  flue  sheet 
to  the  upper  part  of  the  boiler  shell  similar  to  those  shown  in  the 
dome  in  the  illustration.  The  other  is  by  means  of  a girder  stay 
riveted  across  the  flue  sheet  and  illustrated  in  Figure  6.  When  the 
girder  stay  is  used  it  is  usually  placed  above  the  flues  in  the  front 
end,  and  diagonal  stays  are  used  in  the  rear.  All  of  these  methods 
of  staying  are  effective  and  appear  to  have  about  equal  merit. 

In  addition  to  the  two  types  of  boiler  above  discussed,  two  other 
types  may  also  be  mentioned:  the  fire  box  return  flue  boiler,  and 
the  water  tube  boiler  previously  alluded  to.  The  former 
differs  from  the  ordinary  return  flue  boiler  in  having  a 
fire  box  or  furnace  like  the  direct  flue  boiler,  but  in  all 
other  essential  respects  it  is  like  the  return  flue  boiler 
above  described.  A large  number  of  these  boilers  are  still 
in  use,  but,  so  far  as  the  writer  is  aware,  they  are  not  now 
built  by  any  of  the  traction  engine  builders,  having  been 
supplanted  in  very  recent  years  by  the  direct  flue  type. 

The  only  water  tube  boiler  built  for  traction  engine 
purposes  is  made  by  the  Westinghouse  Company,  of  Schen- 
ectady, Hew  York.  This  boiler  consists  of  a vertical  shell 
surrounding  a central  portion  which  contains  the  furnace  Ff9* 
and  water  tubes.  The  latter  are  placed  horizontally  in  courses  at 
right  angles  to  each  other  and  circulation  is  provided  for  by  means 
of  baffle  plates  at  the  ends  of,  and  between  the  sections,  which  causes 
the  water  to  pass  from  one  set  of  tubes  to  another.  The  hot  gases 
pass  through  the  central  part  of  the  boiler  through  the  space  occu- 
pied by  the  water  tubes.  The  outer  shell  is  bolted  to  the  lower  por- 
tion and  encloses  the  main  water  space,  and  the  steam  space  at  the 
top.  This  boiler  is  a quick  steamer  and  quite  efficient,  but  for 
traction  engine  work  it  is  manifestly  not  very  well  adapted  to  the 
large  sized  rigs  used  in  the  West. 


CHAPTER  II. 


KIND  OF  MATERIALS  AND  BOILER  DETAILS. 

MATERIALS  USED  IN  CONSTRUCTION. 

Nearly  every  manufacturers’  catalogue  contains  specifications  of 
the  materials  entering  into  the  construction  of  his  machinery.  This 
information  is,  in  the  main,  accurate  and  instructive,  but  is  very  im- 
perfectly understood  by  the  majority  of  people  who  read  such  liter- 
ature. Probably  not  one  person  in  one  hundred,  on  the  average, 
can  give  anything  like  a definite  statement  concerning  the  properties 
of  the  ordinary  materials  used,  and  it  is  not  likely  one  in  a thou- 
sand knows  what  is  meant  by  the  term  open  hearth  flange  steel  or 
knows  the  difference  between  open  hearth  steel  and  tool  steel.  It 
seems  desirable,  therefore,  before  taking  up  the  details  of  construc- 
tion of  a boiler  or  engine,  to  devote  some  time  to  a consideration 
of  the  properties,  and  the  processes  of  manufacture,  of  the  common 
materials  dealt  with  in  everyday  work. 

Until  comparatively  recent  years  the  principal  material  used  for 
boiler  plate  was  wrought  iron,  but  for  a number  of  years  back  prac- 
tically all  boiler  plate  has  been  made  of  a soft  grade  of  steel. 

Steel  is  manufactured  principally  by  three  distinct  processes,  viz., 
the  open  hearth,  Bessemer,  and  crucible  processes.  A detailed  ac- 
count of  each  of  these  processes  would  be  interesting,  but  it  is  a 
little  beyond  the  limits  of  this  book.  Suffice  it  to  say,  however, 
that  boiler  plate  is  made  by  the  open  hearth  process,  railroad  rails 
by  the  Bessemer,  and  steel,  used  for  tools,  by  the  crucible  process. 
This  gives  some  idea  of  the  characteristics  of  the  steel  made  by  each 
of  the  different  processes. 

The  materials  used  in  boiler  and  engine  construction  are  cast 
iron,  malleable  iron,  wrought  iron,  steel,  brass,  bronze  and  babbitt,  a 
description  of  the  properties  of  each  of  which  is  given  herewith. 

Cast  Iron . — Cast  iron  is  used  for  brackets,  grates  and  engine  cast- 
ings (including  cylinder  frame  and  other  parts  which  require  stiff- 
ness and  considerable  weight).  It  is  generally  brittle  and  untrust- 
worthy, being  full  of  flaws  and  of  uncertain  texture.  In  tension  it 
will  stand  a strain  of  from  15,000  to  20,000  pounds  per  square  inch, 
but  in  compression  it  will  stand  from  80,000  to  120,000  pounds  per 
square  inch.  Gray  castings  are  made  from  a good  grade  of  pig  iron 
and  are  easy  to  machine.  Ordinary  castings  made  from  scrap  iron 
are  harder  to  work,  somewhat  more  brittle,  and  often  somewhat 
stronger. 
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Cast  iron  is  apt  to  crack  under  sudden  and  excessive  changes  of 
temperature.  It  is  not  suitable  for  the  shells  of  boilers  and  is  not 
so  used,  except  in  the  case  of  certain  styles  of  low  pressure  sectional 
boilers  used  for  house  heating/  where  the  pressure  does  not  exceed 
ten  or  fifteen  pounds  to  the  square  inch.  Cast  iron  can  neither  he 
forged  nor  welded. 

Malleable  Cast  Iron. — Malleable  cast  iron  as  the  name  implies,  is 
quite  soft  and  will  stand  considerable  bending  before  breakage  occurs. 
Malleable  castings  are  used  extensively  in  harvesters,  mowers  and  in 
other  agricultural  machinery  where  considerable  strength  with  light 
weight  is  desirable,  and  to  some  extent  for  light  castings  on  trac- 
tion engines.  They  are  first  made  like  ordinary  castings  and  then 
packed  in  a substance  rich  in  oxygen  and  placed  in  a special  form 
of  oven  where  they  are  maintained  at  a high  temperature  for  several 
days.  During  this  process  a large  amount  of  the  carbon,  always 
present  in  cast  iron  to  the  amount  of  five  or  six  per  cent,  is  either 
burned  out  or  changed  from  the  graphitic  to  the  combined  form, 
thus  making  the  castings  malleable.  It  is  the  presence  of  carbon 
in  the  form  of  graphite,  together  with  the  loose  structure  of  the  iron, 
that  makes  ordinary  cast  iron  so  brittle. 

Wrought  Iron. — Wrought  iron  differs  from  either  cast  iron,  malle- 
able iron  or  steel.  It  is  tough  and  fibrous  in  structure,  works  readily 
in  the  forge  and  is  easily  welded.  The  only  way  to  tell  the  differ- 
ence between  wrought  iron  and  steel  is  by  the  appearance  of  the 
fracture.  When  wrought  iron  is  broken  the  fibers  are  plainly  visible 
and  between  them  particles  of  an  impurity  called  slag  which  has 
not  been  squeezed  out  in  the  process  of  working.  The  more  wrought 
iron  is  worked  under  the  hammer  at  the  welding  temperature,  the 
better  W becomes,  because  more  of  the  slag  is  worked  out.  When 
steel  is  broken  it  shows  a granular  surface.  To  the  experienced 
eye,  the  crystals  indicate  quite  clearly  the  character  of  the  steel. 
The  principal  use  for  wrought  iron  in  traction  engine  construction 
is  for  reinforcing  rings  at  the  bottom  of  the  water  leg  and  around 
fire  door  openings.  It  does  not  crack,  and  resists  the  stresses  due 
to  extreme  differences  in  temperature  better  than  almost  any  other 
substance. 

Steel. — Carbon  is  an  essential  element  of  steel  but  not  of  wrought 
iron,  although  wrought  iron  always  contains  more  or  less  of  this 
element.  The  effect  of  carbon  upon  steel  is  to  make  it  harder,  more 
brittle,  and  give  it  the  capability  of  taking  a temper.  Since  boiler 
plate  must  always  be  soft  and  ductile  it  is  evident  that  it  must  con- 
tain a very  small  amount  of  carbon,  consequently  the  mild  steel  used 
in  boiler  construction  contains  only  from  .15  of  one  per  cent  to  .20 
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of  one  per  cent  of  carbon.  Machinery  steel,  which  is  the  kind  desig- 
nated for  shafting,  contains  about  one-half  per  cent  of  carbon.  Such 
steel  will  take  a mild  temper  but  does  not  contain  enough  carbon  to  ; 
make  it  brittle.  Steel  containing  from  .75  up  to  one  per  cent  of 
carbon  is  used  for  making  cold  chisels,  axes  and  other  tools  of  the 
same  general  nature.  The  finer  grade  of  tool  steel  used  in  making 
fine  cutlery,  razors,  etc.,  contains  from  one  to  one  and  one-half  per 
cent  of  carbon.  Such  steel  is  very  hard  and  brittle  and  is  not  suit- 
able for  any  other  purpose  than  for  tool  making. 

Mild  steel  is  worked  quite  readily  in  the  forge  and  can  be  welded 
but  not  with  the  same  ease  as  wrought  iron.  Steel  or  iron  con- 
taining sulphur  is  brittle  when  hot  and  is  said  to  be  “hot  short.7’ 
If  phosphorus  is  present  in  an  appreciable  quantity  it  is  said  to  be 
“cold  short,77  that  is,  brittle  when  cold ; consequently,  care  must  be 
taken  in  the  manufacture  of  steel  to  keep  the  percentage  of  these 
two  injurious  elements  very  low. 

Testing  Steel . — The  suitability  of  steel  for  boiler  purposes  is  de- 
termined by  certain  chemical  and  physical  tests  which  will  presently 
be  described.  The  chemical  test  is  for  the  purpose  of  determining 
the  amount  of  carbon,  sulphur,  phosphorus  and  other  elements  pres- 
ent, and  the  physical  tests  to  determine  the  strength,  softness,  duc- 
tility, etc.,  of  the  metal. 

Physical  tests  are  divided  into  two  classes,  tension  tests  and  bend- 
ing tests.  The  tension  test  is  for  the  purpose  of  determining  the 
ultimate  breaking  strength  of  the  material,  together  with  its  elasticity 
and  stretching  qualities;  the  bending  test,  in  order  to  determine  its' 
hardness,  brittleness,  etc. 

For  the  tension  test,  strips  two  inches  wide  and  about  eighteen 
inches  long  are  cut  from  the  plate  to  be  tested.  These  test  pieces 
are  placed  in  a testing  machine  which  pulls  the  specimen  in  two  and 
registers  the  number  of  pounds  of  tension  required  on  a scale  beam. 
As  the  load  is  applied,  the  specimen  begins  to  stretch  and  up  to  a 
certain  point  will  return  to  its  original  length  when  the  load  is  re- 
moved. This  point  is  called  the  yield  point  or  the  elastic  limit  of 
the  metal. 

The  bending  test  required  of  boiler  plate  is  that  the  specimen  will 
stand  bending  and  hammering  over  on  itself  cold  without  showing 
any  cracks  or  flaws  on  the  outside  of  the  bend.  It  must  also  stand 
the  same  test  after  being  heated  to  a cherry  red  and  quenched  in  cold 
water. 

Boiler  Steel  Specifications . — Four  grades  of  steel  are  used  for 
boiler  purposes,  viz.,  extra  soft  steel,  fire  box  steel,  flange  steel  and 
rivet  steel. 
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Extra  Soft  Steel . — Extra  soft  steel  should  stand  a breaking  strain 
of  from  45,000  to  55,000  pounds  per  square  inch  and  show  an  elastic 
limit  of  one-half  this  amount.  It  should  also  show  an  elongation  or 
stretch  of  twenty-eight  per  cent  in  a length  of  eight  inches  before 
breaking.  It  must  also  stand  both  bending  tests  above  described 
and  contain  not  to  exceed  .04  per  cent  of  either  sulphur  or  phos- 
phorus. 

Fire  Box  Steel. — Eire  box  steel  must  show  an  ultimate  tensile 
strength  of  from  52,000  to  62,000  pounds  per  square  inch,  an  elas- 
tic limit  of  one-half  this  amount  and  an  elongation  of  twenty-six 
per  cent  in  eight  inches.  The  tests  for  bending,  for  sulphur  and  for 
phosphorus  are  the  same  as  above. 

Flange  Steel. — Flange  steel  must  show  the  same  ultimate  strength 
and  elastic  limit  as  fire  box  steel,  but  the  required  elongation  in  a 
length  of  eight  inches  is  only  twenty-five  per  cent.  The  amount  of 
phosphorus  allowable  is  somewhat  higher,  being  .06  per  cent,  and 
of  sulphur  .04.  The  bending  tests  are  the  same  as  those  above 
specified. 

Rivet  Steel . — Bivet  steel  must  have  the  same  properties  as  those 
specified  for  extra  soft  steel. 

Metals  for  Boxes. — Bearings  for  journals  are  made  of  some  soft 
material  if  the  shaft  is  of  any  considerable  size.  The  bearing  ma- 
terials in  common  use  are  babbitt,  brass,  bronze  and  phosphor  bronze. 
In  light,  delicate  machinery,  where  friction  must  be  reduced  to  a 
minimum,  very  true  hard  bearings  and  journals  are  used,  as  for  ex- 
ample, the  jeweled  bearings  in  watches.  In  ordinary  machinery  such 
bearings  would  not  give  good  satisfaction  for  several  reasons.  They 
would  have  to  be  made  perfectly  true  and  would  hence  be  very  ex- 
pensive. They  would  be  more  easily  broken  and  more  difficult  to 
repair,  while  with  ordinary  steel  shafting  and  soft  boxes  all  these 
difficulties  are  obviated.  A good  bearing  for  farm  machinery  should 
be  easy  to  repair  or  renew  in  the  field  at  slight  expense.  It  should 
also  wear  well  and  sustain  the  heaviest  loads  without  heating.  All 
bearings,  it  is  true,  heat  some,  and  after  running  for  a time  will  feel 
quite  warm  to  the  hand,  but  after  that  the  temperature  should  not 
increase  appreciably  in  a well  made,  well  designed  bearing. 

The  metal  for  a bearing  should  be  an  alloy  composed  of  two  or 
more  metals,  one  rather  hard  and  yielding,  the  other  somewhat  soft 
and  springy.  The  object  of  the  softer  metal  is  to  form  an  elastic 
support  for  the  hard  metal  which  really  forms  the  true  bearing. 
As  noted  above,  the  harder  the  metal  the  less  the  friction,  provided 
the  fitting  is  done  with  absolute  accuracy;  but  since  hard  metals 
will  not  conform  to  the  shape  of  the  journal  a springy  support  is 
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necessary,  otherwise  the  load  will  be  concentrated  upon  a few  high 
places  and  produce  rapid  abrasion  and  heating. 

There  are  five  metals  used  in  making  bearings,  viz.,  copper,  tin,  j 
lead,  zinc  and  antimony.  All  babbitts,  brasses  and  bronzes  are  made 
up  of  two  or  more  of  these  metals,  with  occasionally  a small  quantity 
of  some  other  metal.  All  alloys  of  copper  and  tin  were  formerly 
called  bronzes,  while  all  alloys  of  copper  and  zinc  were  known  as 
brasses.  At  the  present  time  there  is  no  sharp  line  of  difference  be- 
tween the  two,  since  nearly  all  alloys  contain  not  only  tin  but  lead 
and  zinc  also. 

Phosphor-bronze  contains  about  eighty-nine  per  cent  of  copper, 
ten  per  cent  of  tin  and  one  part  of  phosphorus.  The  object  of  the 
phosphorus  is  to  make  the  bronze  harder  and  tougher.  It  is  perhaps 
a little  better  bearing  metal  than  ordinary  brass.  Ordinary  brass 
contains  about  84.3  per  cent  copper,  10.5  per  cent  of  tin  and  5.2  per 
cent  of  zinc. 

Brasses  and  bronzes,  when  used  as  bearings,  reduce  the  amount  of  I 
heating  and  show  a little  less  friction  than  babbitt,  but  the  differ- 
ence is  only  small  at  best.  Babbitt  is  very  much  cheaper  in  first 
cost  and  can  be  repaired  so  easily  in  the  field  that  it  ranks  high  as 
a material  for  bearings  in  farm  machinery. 

Babbitt. — Genuine  babbitt  contains  3.7  per  cent  copper,  89.1  per 
cent  tin  and  10  per  cent  of  antimony.  The  large  amount  of  tin 
makes  it  rather  expensive  so  that  very  little  genuine  babbitt  is  used 
for  bearing  purposes.  Cheaper  babbitt  containing  lead  with  small 
amounts  of  tin  and  antimony  are  more  commonly  used.  A fairly 
good  babbitt  is  made  up  of  twenty  parts  tin,  seventy  parts  lead  and 
ten  parts  of  antimony.  It  is  not  quite  as  good  a bearing  material 
as  the  genuine  babbitt  but  costs  only  a fraction  as  much,  since  lead, 
which  is  the  base  of  the  alloy,  is  quite  cheap.  | 

Most  of  the  anti-friction  metals  advertised  widely  as  the  “best  on  . 
earth/’  etc.,  are  in  reality  cheap  babbitts,  composed  largely  of  lead 
but  sold  at  a fancy  price.  Babbitt  is  very  easy  to  adulterate  and  hard 
to  judge.  The  only  way  to  secure  a good  babbitt  is  to  buy  from  a 
reputable  dealer  and  depend  upon  his  word  for  the  quality  of  the 
material  purchased. 

A FEW  BOILER  DETAILS. 

Flues. — The  flues  are  made  of  wrought  iron  or  mild  steel  and  are 
either  lap  welded  or  solid  drawn.  The  steel  tubes  used  for  traction 
engine  work  are  seamless,  i.  e.,  drawn  and  formed  to  the  proper 
size  and  shape  without  being  welded.  Wrought  iron  tubes  are  made 
of  a specially  soft  grade  of  iron  and  are  welded  over  a mandrel.  In 
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general,  steel  tubes  are  truer  to  size  and  shape  and  smoother  than 
iron,  and  as  made  at  the  present  time  are  very  saisfactory  for  trac- 
tion engine  work. 

iA.ll  boiler  tubes  are  supposed  to  stand  a water  test  of  five  hundred 
pounds  to  the  square  inch  internal  pressure  and  a section  cut  from 
the  tube  must  stand  hammering  down  cold,  vertically,  without  split- 
ting or  showing  any  cracks  or  flaws.  The  length  of  these  test  sec- 
tions vary  for  the  different  sizes  of  tubes,  the  sections  being  one  inch 
long  for  tubes  from  two  to  two  and  one-half  inches  in  diameter. 
The  thickness  of  boiler  tubes  is  expressed  by  the  numbers  of  the  Birm- 


Figure  7.  Figure  8. 

CORRECT.  ARRANGEMENT  OF  FLUES.  WRONG. 

ingham  Wire  Gauge;  12  gauge  is  the  standard  for  tubes  bewteen  two 
and  two  and  one-half  inches  in  diameter,  although  some  manufact- 
urers claim  to  use  11  gauge  for  tubes  of  this  size,  which  is  a little 
thicker. 

Flues  are  measured  externally,  i.  e.,  a two-inch  flue  is  two  inches 
in  diameter  on  the  outside.  Steam,  gas,  and  water  pipes,  on  the 
contrary,  are  measured  internally;  for  example,  a two-inch  steam 
pipe  is  two  inches  in  diameter  on  the  inside. 

The  Arrangement  of  Flues. — The  arrangement  of  flues  in  a boiler 
is  an  important  matter  and  in  past  years  some  mistakes  have  been 
made  by  manufacturers  in  arrangement.  At  the  present  time,  so 
far  as  known,  the  arrangement  of  flues  in  direct  flue  boilers  is  in 
both  horizontal  and  vertical  courses,  as  shown  in  Figure  7.  This  ar- 
rangement is  much  better  than  shown  in  Figure  8,  in  which  the 
flues  are  staggered  in  vertical  rows.  Such  an  arrangement  impedes 
the  circulation  and  does  not  allow  the  scale  to  drop  to  the  bottom. 
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while  at  the  same  time  such  arrangement  makes  the  boiler  very  diffi- 
cult to  clean.  It  is  just  as  essential  to  have  good  circulation  in  a 
boiler,  so  far  as  steaming  qualities  go,  as  it  is  to  have  plenty  of 
heating  surface in  fact,  this  is  another  principle  in  correct  design. 

Flues  are  secured  in  the  flue  sheets  by  being  expanded  at  the  ends 
and  then  beaded  over  at  both  ends,  or  else  by  being  simply  expanded 
at  one  end  and  expanded  and  beaded  at  the  other.  Figure  9 shows 
a tube  expanded  and  beaded  and  Figure  10  a tube  simply  expanded. 

Both  methods  are  in 


Figure  10. 


FLUE  ENDS. 


common  use  and 
have  been  for  a good 
many  years  and  both 
have  proven  satis- 
factory in  practice. 

Tests  made  on  the 
holding  power  of 
beaded  flues  and 
flues  that  are  simply 
expanded  in  the  flue 
sheets  show  about 
the  same  results.  It 
would  seem  as 
though  the  beaded 
flue  ought  to  hold  a 
good  deal  more,  but 
the  tests  show  very 


little  difference.  Where  flues  are  beaded  care  must  be  taken  to  make 
the  bead,  especially  in  the  firebox  end,  as  small  as  possible.  If  it  is 
made  large  it  is  almost  sure  to  be  poorly  formed,  thus  making  a poor 
joint  between  the  flue  and  flue  sheet,  as  shown  in  Figure  11.  Or 
even  if  well  formed,  the  large  mass  of  metal  in  a big  bead,  being  so 
far  away  from  the  water,  does  not  conduct  the  heat  rapidly  to  the 
water,  and,  hence,  is  pretty  sure  to  become  burned  before  it  has 
been  long  in  use.  Quite  a good  deal  of  the  difficulty  experienced 
with  leaky  flues  arises  from  just  this  cause. 

A great  many  manufacturers,  both  of  traction  engines  and  loco- 
motives, place  a copper  ferrule  between  the  tube  and  tube  sheet  in 
the  fire  box  end.  When  the  tube  is  expanded,  the  copper  being  much 
softer,  fills  whatever  little  inequalities  there  are  between  the  two 
surfaces  and  thus  makes  a tight  joint.  Furthermore,  since  copper 
expands  very  much  more  than  iron  for  the  same  increase  in  temper- 
ature, it  follows  that  the  joint  will  be  tighter  when  the  boiler  is 
steamed  up  than  when  cold.  This  is  the  reason  why  boiler  tubes  will 
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sometimes  leak  when  cold  and  be  perfectly  tight  after  the  boiler  is 
steamed  up.  The  one  objection  to  the  use  of  copper  ferrules  is  the 
fa(it  that  the  alternate  contraction  and  expansion  of  the  metal  finally 
presses  the  copper  out  of  shape  and  makes  a leaky  joint. 

Where  the  holes  for  the  tubes  are  reamed  perfectly  true  and  the 
flue  is  turned  to  a perfect  fit,  so  that  bright  surfaces  come  in  con- 
tact, a very  satisfactory  joint  can  be  made  without  the  use  of  copper, 
but  however  made  there  is  bound  to  be 
more  or  less  difficulty  with  leaky  flues,  due 
to  the  fact  that  they  are  made  of  thinner 
material  than  the  flue  sheets  and  conse- 
quently expand  and  contract  rapidly  with 
sudden  changes  in  temperature. 

Whenever  the  fire  door  is  opened  and 
cold  air  is  allowed  to  pass  through  the  flues 
there  is  a very  great  drop  in  temperature, 
probably  of  anywhere  from  500  to  1,000 
degrees,  which  causes  the  flue  to  shrink. 

Care  should  be  taken,  then,  to  keep  the 
fire  door  closed  while  the  engine  is  run- 
ning and  in  every  way  possible  to  prevent 
any  sudden  changes  in  temperature. 

Figures  12,  13  and  14  represent  the  tools 
used  for  putting  in  flues.  Figure  12  is  a 
beading  tool,  13  a spring  expander,  and  14 
a roller  expander.  Every  engineer  ought  Fig  11.  bead  too  large. 
to  have  a beading  tool, — which  any  good  blacksmith  can  make,  in 
his  tool  box.  In  making  this,  care  should  be  taken  to  make  the 
radius  of  curvature  at  A of  the  right  size,  because  the  size  of  the 
bead  on  the  tubes  will  be  dependent  upon  the  size  of  this  curve. 
Either  one  of  the  expanders  will  do  good  work.  For  repair  work, 


where  the  holes  in  the  flue  sheet  may  be  slightly  out  of  round,  the 
spring  expender  will  probably  do  the  better  work;  for  new  work,  the 
roller  expander  is  very  satisfactory. 
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In  putting  in  flues  care  should  be  taken,  first  to  anneal  the  ends, 
which  can  be  done  by  heating  them  to  a bright  cherry  red  and  then 
allowing  them  to  cool  in  slaked  lime,  dry  ashes  or  dry  sand.  TheyS 
should  be  cut  off  square  on  the  ends,  preferably  in  lathe,  and  an 


Figure  13.  spring  expander. 


allowance  provided  of  between  one-eighth  and  three- sixteenths  of 
an  inch  at  each  end  for  beading  or  for  projection  if  they  are  not 
beaded.  After  the  tubes  are  in  position  the  expander  is  driven  in 
fairly  tight,  the  taper  pin  is  then  jarred  loose,  the  pin  turned  slightly, 
then  driven  in  again,  and  this  operation  repeated  until  a tight  joint 
is  secured  between  the  tube  and  tube  sheet.  Care  should  be  taken 


not  to  drive  the  expander  in  too  tightly,  as  by  so  doing  the  flue  may 
split  or  the  adjacent  flues  be  caused  to  leak,  due  to  a deformation 
of  the  tube  sheet. 
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The  work  done  by  the  spring  expander  whose  operation  has  just 
been  described  is  shown  in  Figure  15.  The  convex  portion  at  D forms 
the  groove  shown  at  B in  the  figure.  After  the  tubes  are  expanded 
the  bead  is  generally  started  with  the  ball-pene  of  a machinist’s 
hammer  and  then  finished  up  by  means  of  the  beading  tool.  In 
using  this,  care  should  be  taken  that  the  sharp  edge  does  not  gouge 
into  the  tube  sheet.  Leaky  flues  can  be  cured  sometimes  by  simply 
using  the  beading  tool,  and  almost  always  by  using  the  expander. 

Calking. — Boilers  have  to  be  calked  at  the 
joints  in  order  to  make  them  steam  and 
water  tight.  The  operation  is  a very  simple 
one  and  can  be  performed  by  almost  any- 
body. It  consists  simply  in  driving  the  edge 
of  the  upper  sheet  down  tightly  upon  the 
lower  one.  A rather  heavy  hammer  is  used 
for  this  purpose  and  a tool  having  rounded 
edges,  whose  appearance  and  method  of  oper- 
ation is  shown  in  Figure  16. 

If  a boiler  leaks  around  a rivet  head  or  at 
a seam  it  can  generally  be  repaired  in  a few 
minutes  time  by  the  use  of  the  calking 
tool. 

It  is  not  safe  to  calk  a boiler  under  steam 
pressure  and  it  is  also  dangerous  to  use 
a wrench  on  any  bolts  or  fittings  that  are 
screwed  into  any  of  the  sheets  or  the  boiler 
when  it  is  under  pressure.  While  the  boiler 
may  not  explode,  any  of  these  parts  may 
break  off  and  cause  a sudden  rush  of  steam  that  is  apt  to  scald  the 
man  who  is  doing  the  work,  and  everybody  knows  that  a steam  scald 
is  a mighty  bad  one  and  something  it  does  not  pay  to  take  chances 
with. 

Exhaust  Nozzles . — There  is  nothing  more  important  about  a 
traction  engine  boiler  or  a locomotive  than  the  exhaust  nozzle,  for 
upon  its  construction  and  proper  adjustment  depends  the  draft  and 
consequently  the  steaming  ability  of  the  boiler. 

The  ordinary  exhaust  nozzle  consists  of  a special  form  of  elbow 
fitted  to  the  end  of  the  exhaust  pipe  in  such  a way  as  to  point  exactly 
up  the  center  of  the  chimney.  The  upper  end  of  this  elbow  is  pro- 
vided with  a bushing  having  an  opening  of  the  proper  size  for  the 
fuel  which  is  being  burned. 

• Different  sorts  of  fuel  require  different  intensities  of  draft  and  so 
it  is  essential  to  have  different  sized  exhaust  nozzles.  For  example. 
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straw  requires  a small  nozzle,  because  it  requires  a heavy  draft; 
wood,  a larger  nozzle,  and  coal,  which  burns  with  less  draft,  re- 
quires the  largest.  It  is  always  advisable  to  use  the  largest  nozzle 
which  will  furnish  the  requisite  amount  of  draft,  because  any  re- 
duction in  the  size  of  the  opening  through  which  the  exhaust  must 
pass  causes  back  pressure  on  the  engine,  which  subtracts  an  ec  ual 
amount  from  the  working  pressure. 


Figure  16. 

The  action  of  the  exhaust  nozzle  is  very  simple.  The  rapid  up- 
ward flow  of  steam  at  the  base  of  the  chimney  creates  a partial 
vacuum  at  that  point  which  in  turn  causes  some  vacuum  in  the 
smoke  box  and  in  the  upper  part  of  the  chimney,  thus  inducing  a 
current  of  air  to  pass  through  the  furnace  and  flues.  If  the  ex- 
haust nozzle  is  not  pointed  directly  up  the  center  of  the  stack  the 
stream  of  steam  will  strike  the  side  of  the  chimney  and  part  of  it  will 
be  deflected  back  toward  the  smoke-box,  thus  destroying  the  vacuum 
and  greatly  impairing  the  draft. 

If  a boiler  does  not  steam  well,  one  of  the  first  things  to  do  is  to 
examine  the  exhaust  nozzle  and  see  if  the  proper  bushing  is  put 
in  for  the  kind  of  fuel  used,  and  see  that  there  is  no  lime  or  scale 
in  the  top  of  the  nozzle,  and  make  certain  that  it  points  directly  up 
the  center  of  the  chimney.  Many  boilers  have  been  condemned 
for  not  steaming  well  simply  because  the  exhaust  nozzle  was  not 
properly  adjusted. 

THE  STRENGTH  OF  BOILERS. 

Most  of  us  have  seen  formulas  in  text  books  for  finding  the  safe 
working  pressure  in  cylindrical  boilers,  and  we  may  have  wondered 
where  they  came  from  and  how  they  were  obtained.  It  may  there- 
fore interest  some  of  the  readers  to  work  out  one  of  these  formulas 
from  the  beginning. 

In  the  first  place,  we  will  consider  a cylindrical  boiler,  made  up 
without  joints  or  seams,  that  is,  with  the  joints  welded  together 
making  a seamless  tube,  and  with  the  heads  welded  in  place  also.  If- 
such  a boiler  should  burst,  it  is  easy  to  show  that  it  would  be  more 
apt  to  split  along  the  side  than  to  blow  the  head  off.  We  will  sup- 
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pose  the  whole  boiler  to  be  made  of  soft  steel  having  a tensile 
strength  of  sixty  thousand  pounds  per  square  inch.  Which  means 
that  if  we  had  a piece  of  such  steel,  one  inch  square,  it  would  re- 
quire a force  of  sixty  thousand  pounds  to  pull  it  apart. 

Example.- — Suppose  we  have  a boiler  96  inches  long,  30  inches  in 
diameter  and  made  of  steel  *4  inch  thick.  If  this  boiler  is  under 
steam  pressure,  it  is  a well  known  fact  that  the  pressure  acts  in 
every  direction  from  the  center  outward,  and  its  tendency  is  to 
separate  the  shell  into  two  parts.  The  total  force  tending  to  pull 
the  two  halves  apart  will  be  equal  to  the  force  exerted  on  the  flat 
plate  a b of  Figure  17,  because  the  force  acting  upward  on  the 
curved  upper  half  must  exactly  equal  the  pressure  on  the  flat  plate, 
otherwise  the  boiler  would  move,  which  of  course  it  will  not  do. 
The  total  downward  pressure  on  the  flat  plate  can  be  easily  figured. 
The  area  of  this  plate  is  30X96=2,880  square  inches.  If  the  steam 
pressure  is  100  pounds  per  square  inch,  the  total  pressure  on  the 
plate  is  2,880X199=288,000  pounds.  The  metal  holding  this  plate 
to  the  upper  half  is  the  metal 
along  the  edges  a and  b.  In  or- 
der for  the  plate  to  separate 
from  the  curved  part  the  metal 
must  tear  apart  at  a and  b 
throughout  the  entire  length  of 
the  shell.  The  area  of  this  metal 
is  2X1/4X96=48  square  inches. 

Under  the  given  conditions  48 
square  inches  support  288,000 
pounds,  consequently  each  square  inch  is  subjected  to  288,000-^-48= 
6,000  pounds  per  square  inch,  or  just  one- tenth  of  what  it  would  re- 
quire to  tear  the  metal  apart. 

If  each  square  inch  of  metal  were  subjected  to  60,000  pounds  the 
total  force  acting  on  the  flat  plate  would  be  60,000X48=2,880,000 
pounds,  and  since  the  area  of  the  plate  is  2,880  square  inches  the 
pressure  within  the  boiler  to  cause  the  rupture  would  be  2,880,000“^ 
2,880=1,000  pounds  per  square  inch.  We  can  now  proceed  to  find 
a formula  for  finding  the  bursting  pressure  of  any  boiler. 

Let  T=60,000. 

P=bursting  pressure. 

D=diameter  of  boiler  in  inches. 

Z=length  of  boiler  in  inches. 
t=thickness  of  boiler  plate  in  inches. 

Then  p_60,000X2XtXZ 
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But  since  the  Z appears  both  in  the  numerator  and  in  the  denomi- 
nator it  cancels  out  and  our  formula  reduces  to  a simpler  form  as 
follows : 

p_60,000X2Xt 

D 

This,  remember,  represents  the  bursting  pressure,  theoretically,  of 
a boiler  without  seams  or  joints.  Since  it  is  usual  to  put  in  a factor 
of  safety  to  find  the  safe  working  pressure  we  will  use  the  factor  5, 
or  in  other  words,  divide  the  result  obtained  from  the  above  formula 
by  5.  The  result  obtained  in  using  the  formula  for  example  given 
was  1,000  pounds,  which  divided  by  5 gives  us  200  as  the  safe  work- 
ing pressure  for  a boiler  without  joints  or  seams. 

Putting  the  factor  in  the  formula  we  have : 

60,000X2Xt 

5xr> 

But  boilers  are  riveted  and  if  the  side  seams  are  double  riveted, 
as  is  the  usual  case,  the  strength  of  the  seam  is  only  70  per  cent  of 
the  rest  of  the  shell,  so  that  the  safe  working  pressure  of  the  above 
boiler  with  a double  riveted  joint  is  70  per  cent  of  200  or  140  pounds. 
Inserting  this  factor  in  the  formula  we  have:  The  safe  working 
pressure  of  a cylindrical  boiler,  having  double  riveted  side  seams. 
Expressing  this  in  a formula  we  have: 

60,000X2XtX70 

5XDX100 


Assembling  all  the  figures  and  putting  them  in  the  formula, 


60,000X&X%XT0 

5X30X100 


= 140  pounds,  safe  working  pressure. 


If  the  boiler  is  40  inches  in  diameter  and  the  thickness  of  the  plate 
is  the  same,  the  safe  working  pressure  is : 


60,000X2X^X70 

5X10X100 


=105  pounds. 


This  shows  that  if  we  increase  the  diameter  of  the  boiler  it  will 
not  stand  so  much  steam,  pressure,  unless  we  increase  the  thickness 
of  the  boiler  plate  a corresponding  amount.  In  other  words,  the 
larger  the  diameter  of  the  boiler  the  weaker  it  is,  with  the  same 
thickness  of  plate. 


Kind  of  Materials  and  Boiler  Details.  29 

In  the  fore  part  of  this  lesson  it  was  shown  that,  with  100  pounds 
pressure  in  the  boiler,  each  square  inch  of  metal  along  a side  seam 
was  subjected  to  a stress  of  6,000  pounds.  We  will  now  consider 
the  stress  on  a circumferential  seam,  that  is,  to  prevent  one  of  the 
heads  from  blowing  out.  The  area  of  a 30-inch  boiler  head  is 
3.1416X15X15=706.86  Square  inches.  If  the  pressure  is  100  pounds 
per  square  inch  the  total  pressure  on  the  head  is  706.86X100=70,686 
pounds.  In  order  for  the  head  to  blow  off  it  must  tear  the  metal  all 
around  the  boiler.  The  length  of  this  strip  of  metal  is  equal  to  the 
circumference  of  the  boiler,  or  3.1416X30=94.248  inches.  Its  thick- 
ness is  of  an  inch,  and  the  area  of  the  metal  that  must  be  ruptured 
is  94.248X-!4=23.562  square  inches. 

Dividing  70,686  by  23.562  we  obtain  the  quotient  3,000  which  rep- 
resents the  stress  on  each  square  inch  of  metal  on  a transverse  seam, 
but  this  is  only  one-half  what  it  is  along  a side  seam;  thus  showing 
that  a boiler  is  much  more  apt  to  fail  by  splitting  along  the  side  than 
it  is  to  blow  the  end  out.  This  also  explains  why  side  seams  are 
double  riveted  and  transverse  seams  single  riveted. 

Nothing  has  been  said  yet  about  the  safe  working  pressure  on  flat 
plates,  or  on  stay  bolts  and  braces.  These  require  separate  treatment. 
The  formulas  deduced  for  safe  working  pressure  are  only  applicable 
to  a cylindrical  boiler  shell  with  a double  riveted  side  seam. 

We  have  just  shown  how  a formula  for  the  safe  working  pressure 
of  a boiler  might  be  developed.  The  formula  so  found  was  as  follows : 

60,000X2XtX?0 

5X<*X100 

Expressing  this  in  words  we  may  write  the  following  rules : 

Rule  I. — Multiply  twice  the  thickness  of  the  boiler  plate  expressed 
in  inches  by  the  ultimate  tensile  strength  of  the  plate  and  this  product 
by  the  efficiency  of  the  joint  in  per  cent.  Divide  this  product  by 
five  hundred  times  the  diameter  of  the  boiler  and  the  result  is  the 
safe  working  pressure  for  a new  boiler. 

There  are  a number  of  other  rules  that  are  sometimes  applied  to 
boilers,  but  all  are  based  on  some  such  considerations  as  those  already 
discussed.  The  rule  below  is  known  as  the  United  States  rul^,  or, 
more  strictly  speaking,  it  is  the  rule  prescribed  by  the  Board  of 
Supervising  Inspectors  of  steam  vessels. 

Rule  II. — Multiply  the  thickness  of  the  shell  and  the  ultimate 
tensile  strength  and  divide  by  six  times  the  radius  of  the  boiler. 

Kent  in  his  “Mechanical  Engineer’s  Pocket  Book”  gives  another 
rule  that  is  much  more  simple  than  either  of  the  others'  but  it  gives 
results  that  are  rather  low. 
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Kent's  Rule. — Multiply  the  constant  number  14,000  by  the  thick- 
ness of  the  plate  and  divide  by  the  diameter  of  the  boiler  in  inches. 

Applying  these  various  rules  to  the  same  problem  will  give  results 
that  vary  quite  widely,  depending  upon  the  factor  of  safety  that  the 
investigators  decided  upon  in  working  out  the  results. 

These  rules  are  applicable  onl|y  to  cylindrical  boilers  and  can  not 
be  used  in  figuring  the  safe  working  pressure  of  boilers  that  have 
flat  surfaces,  because  the  stresses  on  flat  plates  are  different  from 
wdiat  they  are  on  plates  that  are  curved.  The  tendency  of  pressure 
on  the  inside  of  any  structure  is  to  form  that  structure  into  the 
shape  of  a sphere.  If  the  walls  of  the  structure  are  flat  they  are 
subjected  to  a cross  bending  strain  as  well  as  a tensile  strain.  A 
flat  plate  in  a boiler  must  be  treated  as  a beam  under  a uniform  load, 
and  supported  at  the  ends.  A complete  discussion  of  this  problem 
is  outside  of  the  scope  of  this  book,  but  we  will  consider  the  rules 
used  in  figuring  such  plates  and  work  out  a problem. 

Rule  III . — Multiply  the  square  of  the  thickness  of  the  plate,  in 
sixteenths  of  an  inch,  by  112  and  divide  this  product  by  the  square 
of  the  distance  from  center  to  center  of  the  stay  bolts.  The  result 
will  be  the  allowable  working  pressure  for  plates  seven-sixteenths  of 
an  inch  and  under.  If  the  plates  are  more  than  seven-sixteenths  of 
an  inch  thick  use  120  in  the  place  of  112. 

Problem. — What  is  the  safe  working  pressure  on  a fire  box  boiler 
having  fire  box  walls  three-eighths  of  an  inch  thick  and  the  stay 
bolts  placed  five  inches  apart  each  way? 


Solution- 


6X6XH2 

5X5 


161. 


A ns. 


(%=6-16,  hence  6 in  the  formula). 

In  applying  this  rule  to  a fire  box  boiler  the  strength  of  the  cylindri- 
cal shell  and  of  the  fire  box  should  be  worked  out  as  separate  problems 
and  the  smaller  of  the  two  results  taken  as  the  safe  working  pressure 
of  the  entire  boiler. 

In  return  flue  boilers  where  the  main  flue  is  very  large  it  may  be 
necessary  to  figure  the  strength  of  the  flue  to  resist  crushing,  since 
it  is  weaker  in  that  way  than  in  any  other. 

Rule  IV. — Multiply  the  square  of  the  thickness  of  the  plate  by 
89,000  and  divide  the  product  by  the  product  of  the  length  of  the 
section  and  the  diameter  of  the  flue. 

Problem. — Find  the  safe  working  pressure  for  a flue  36  inches  in 
diameter  with  walls  % of  an  inch  thick.  Length  of  flue  6 feet. 

Solution—  ^X^X89’000  ===60 — nearly . Ans. 
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A tube  subjected  to  external  pressure  is  not  as  strong  as  if  it  were 
subjected  to  internal  force.  Where  the  flues  are  made  very  large  as 
in  some  styles  of  stationary  boilers  it  is  customary  to  reinforce  them 
with  transverse  ribs  or  flanges  placed  a short  distance  apart  along 
the  entire  length  of  the  flue. 

The  allowable  working  pressure  on  stay  bolts  is  limited  to  6,000 
pounds  per  square  inch,  which  gives  a factor  of  safety  of  about  seven 
for  wrought  iron  and  of  more  than  eight  for  steel.  For  example, 
let  us  figure  the  size  of  a stay  bolt  that  is  placed  in  rows  five  inches 
apart  both  ways  in  a boiler  that  carries  a steam  pressure  of  150 
pounds  per  square  inch. 

Solution. — If  the  stay  bolts  are  five  inches  apart  each  way  then 
each  bolt  must  support  5X^>  or  25  square  inches.  With  one  hundred 
fifty  pounds  on  each  square  inch  the  total  pressure  on  each  bolt  will  be 
150X25,  which  equals  3,750  pounds.  Since  a square  inch  will  sup- 
port 6,000  pounds  it  follows  that  the  area  of  the  bolt  needed  will  be 
3,750  divided  by  6,000  or  .625  of  an  inch. 

The  diameter  of  a bolt  of  this  area  can  be  found  by  dividing  by 
.7854  and  then  extracting  the  square  root  of  the  quotient.  Perform- 
ing this  operation  we  find  the  diameter  of  the  required  bolt  to  be  .89 
of  an  inch,  which  is  a little  more  than  seven-eighths  of  an  inch. 
The  proper  size  to  use,  therefore,  would  be  the  next  size  larger  or  a 
fifteen-sixteenths  inch  bolt. 

In  figuring  through  stays  to  support  the  tube  sheets  above  the 
tubes  the  same  discussion  will  apply. 

While  the  rules  that  have  already  been  given  are  in  general  use  and 
give  fairly  satisfactory  results,  it  is  true,  nevertheless,  that  they  apply 
only  to  new  boiljers.  There  are  no  rules  yet  devised  that  apply  to 
old  boilers  and  neither  can  there  be.  Where  the  boiler  is  old,  all  that 
can  be  done  is  to  give  it  a cold  water  test  and  depend  upon  the  judg- 
ment of  the  inspector  as  to  the  proper  pressure  the  boiler  is  able 
t*o  stand  safely.  The  question  thus  resolves  itself  into  one  of  the 
personal  judgment  of  the  inspector.  While  this  is  not  entirely  satis- 
factory, it  is  probably  the  best  that  can  be  done. 


CHAPTEK  III. 


BOILER  FEEDERS  AND  SAFETY  APPLIANCES. 

BOILER  FEEDERS. 

In  all  industrial  works  where  a company  is  under  contract  to 
furnish  power  or  light,  and  it  is  essential  that  there  shall  be  no  in- 
terruptions in  the  service,  extra  power  units  are  always  installed  so 
that  in  case  one  breaks  down  another  is  at  hand  to  take  its  place. 
In  a like  manner  two  boiler  feeders  are  always  supplied  so  that  if 
one  is  out  of  order  another  will  be  ready  to 
take  its  place  at  a moment’s  notice. 

The  greatest  cause  of  danger  in  handling 
a steam  boiler  comes  from  low  water,  and 
probably  the  majority  of  boiler  explosions 
are  due  to  low  water,  either  at  the  time  of 
the  explosion  or  at  some  previous  time, 
which  causes  a weakening  of  the  boiler 
plate.  Since  the  water  supply  should  be  un- 
der constant  control  at  all  times  two  boiler 
feeders  are  necessary  to  insure  safety.  Both 
of  these  should  be  kept  in  proper  working 
order  at  all  times.  Should  the  engineer  neg- 
lect to  put  the  extra  one  in  repair  at  the 
earliest  opportunity  it  should  be  considered 
a mark  of  incompetency,  and  is  sufficient 
cause  for  his  dismissal  without  further  no- 
tice. No  excuse  should  be  considered  where 
the  safety  of  both  the  crew  and  the  machine 
is  at  stake. 

It  does  not  matter  very  much  whether  the 
boiler  is  equipped  with  two  pumps,  or  two 
injectors,  or  an  injector  and  a pump ; neither 
does  it  make  very  much  difference  what 
make  of  pump  or  injector  is  used,  since  all 
standard  makes  are  reliable  and  are  per- 
fectly capable  of  keeping  the  boiler  supplied 
with  water. 

To  understand  fully  the  workings  of  pumps  and  injectors  it  will 
be  necessary  first  to  consider  some  of  the  natural  laws  governing 
their  action. 
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Atmospheric  Pressure. — This  is  the  first  thing  to  be  considered  in 
studying  pumps  or  injectors. 

The  earth  is  surrounded  by  a sea  of  air,  and  everything  on  the  sur- 
face of  the  earth  has  to  sustain  a portion  of  the  weight  of  the  air. 
A column  of  air  one  inch  square  extending  from  the  surface  of  the 
earth,  at  sea  level,  as  high  as  the  air  reaches,  weighs  14.7  pounds  - 
If  we  go  up  on  a high  mountain  or  up  in  a balloon,  the  air  presses 
upon  us  with  less  weight  because  there  is  not  so  much  above  us.  The 
weight  of  the  air  does  not  hinder  us  from  moving  because  it  is  equal 
on  all  sides  and  hence  all  pressures  are  balanced. 

A column  of  water  one  inch  square  and  one  foot  high  weighs  .434 
of  a pound;  consequently  it  would  require  a column  of  water  2.304 
feet  high  to  weight  one  pound.  A column  of  water  one  inch  square, 
in  order  to  balance  atmospheric  pressure  would  have  to  he  2.304X 
14.7=33.9  feet  high. 

It  is  clear  then  that  if  all  the  air  could  be  removed  from  the  in- 
side of  a pipe  which  is  closed  at  one  end  while  the  other  end  is  sub- 
merged in  water,  that  the  pressure  of  the  air  on  the  outside  would 
force  water  up  in  the  pipe  until  the  weight  of  water  in  the  pipe 
exactly  balances  the  air  pressure  on  the  surface  of  the  water.  If 
there  is  some  air  trapped  above  the  water  in  the  pipe,  the  water  will 
rise  only  to  such  a height  as  is  necessary  to  make  the  combined 
weight  of  water  and  the  air  pressure  on  top  of  the  water  equal  the 
atmospheric  pressure. 

The  action  of  an  ordinary  suction  pump  is  now  easily  explained. 
In  Figure  18,  A represents  the  pump  cylinder,  B]  the  plunger  and  C 
the  pipe  extending  down  into  the  water.  A check  valve,  DJt  in  the 
plunger  opens  upward  and  another  check  ( E ) at  the  bottom  of  the 
pump  cylinder  opens  the  same  way.  A check  valve  or  foot  valve,  as 
it  is  generally  called,  is  placed  at  F to  prevent  water  from  running 
oack  into  the  well.  When  the  pump  plunger  is  pushed  down,  valve  E 
3loses,  valve  D opens,  and  the  air  between  the  pliunger  and  E escapes 
:o  the  upper  side  of  the  plunger  through  valve  D.  When  the  plunger 
noves  upwards  this  air  is  carried  out  and  the  pressure  inside  of  the 
)ump  cylinder  is  reduced  below  that  of  the  atmosphere;  consequently 
;he  water  rises  to  a point  ( g ),  where  the  pressure  inside  of  the  pipe 
exactly  balances  that  on  the  outside.  On  the  next  stroke  the  same 
>peration  is  repeated  and  the  water  rises  to  h.  After  a few  more 
strokes  water  appears  in  the  pump  cylinder  and  then  at  the  spout. 

Theoretically  water  can  be  raised  by  a pump  of  this  kind  33.9 
?eet;  practically,  it  will  only  rise  to  a height  of  24  or  25  feet,  owing 
;o  imperfections  in  the  pump  and  the  friction  of  valves,  etc. 

While  a pump  of  this  kind  is  called  a suction  pump  it  does  not 
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exert  any  drawing  force  upon  the  water  in  the  suction  pipe.  It  simply 
removes  the  air  from  the  inside  of  the  suction  pipe  and  atmospheric 
pressure  does  the  rest.  Water  rises  to  an  injector  or  steam  syphon 
in  the  same  way.  For  example,  in  the  ejector,  shown  in  section  in 
Figure  19,  steam  rushing  through  the  tubes  A and  B carries  what- 
ever air  there  may  he  in  the  suction  pipe  C along  with  it,  thus  form- 
ing a vacuum  in  the  ejector  and  its  connections.  Atmospheric  pres- 
sure, acting  at  the  same  time,  forces  water  up  into  the  ejector,  where 
it  is  acted  upon  by  the  jet  of  steam  and  forced  out  at  the  delivery 
pipe.  Water  may  be  raised  by  this  means  about  twenty  feet,  and 
forced  to  a height  proportionate  to  the  steam  pressure.  An  ejector 
is  very  convenient  for  filling  the  tanks  of  traction  engines. 


Figure  19. 


The  Injector . — There  is  no  machine  used  in  steam  engineering 
that  is  more  difficult  to  understand  than  the  injector. 

It  seems  incredible  that  a machine  can  be  constructed  which  will 
take  up  a large  quantity  of  water  and  then  go  back  again  into  the 
boiler  against  the  pressure  from  which  it  started.  At  first  sight, 
it  looks  to  be  of  the  same  nature  as  a perpetual  motion  machine, 
and  it  was  considered  in  this  light  by  the  United  States  Patent 
Commissioner  when  it  was  submitted  to  him  for  letters  patent.  In 
fact,  he  refused,  so  it  is  said,  to  grant  a patent  until  he  had  actually 
seen  it  in  operation. 
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The  injector,  by  the  way,  is  a comparatively  new  machine.  It  was 
invented  by  Mr.  Henry  Jacques  Giffard,  a Frenchman,  about  the  year 
1857,  and  its  manufacture  was  begun  in  this  country  in  1860,  by 
Wm.  Sellers  & Co.,  of  Philadelphia. 

The  principle  of  action  of  the  injector  is  not  easy  to  explain  fully 
without  the  aid  of  some  advanced  mathematics;  however,  the  fol- 
lowing explanation  will  answer  fairly  well. 

Let  B,  Figure  20,  represent  a cross  section  of  a steam  boiler; 
C and  D are  pipes  fitted  with  valves  which  communicate  with  the 
water  space  and  steam  space  respectively.  We  will  assume  a steam 
pressure  in  the  boiler  of  100  pounds  per  square  inch.  Now  if  valve  C 
were  opened,  water  would  flow  out  with  a velbcity  of  a little  more 
than  121  feet  per  second,  a figure  which  can  easily  be  verified  by 
anyone  having  a knowledge  of  the  laws  of  falling  bodies. 

If  the  valve  D be  open,  with  the  steam  pressure  as  before,  steam 
will  flow  out  with  a velocity  of  2,200  feet  per  second.  We  may  say 
roughly  that  steam  flowing  from  a 
boiler  under  pressure  will  have  a ve- 
locity of  from  fifteen  to  eighteen 
times  that  of  the  water.  This  ratio 
changes  somewhat  under  various  con- 
ditions as  to  pressure  in  the  boiler 
and  the  pressure  against  which  the 
steam  escapes. 

If  - now,  instead  of  allowing  the 
steam  to  escape  through  an  open  pipe 
it  were  made  to  pass  through  a pipe 
Ex  having  a section  at  F , that  could 
be  kept  very  cold  so  that  the  steam 
would  be  instantly  condensed  at  that 
point,  the  resulting  stream  of  water,  while  very  much  smaller  than 
the  steam  in  cross  section,  would  still  travel  with  practically  the  same 
velocity;  and  if  this  stream  were  directed  back  into  the  boiler  it 
would  have  no  trouble  in  entering  therein,  since  it  has  a velocity 
about  eighteen  times  as  great  as  that  of  the  water  which  opposes  its 
entrance.  Since  this  stream  of  water  has  such  a high  velocity  it 
could  easily  carry  with  it  a considerable  extra  load,  and  while  its 
velocity  would  be  reduced  thereby,  it  would  still  have  sufficient  ve- 
locity to  enter  the  boiler. 

There  are  really  only  two  types  of  injectors,  namely,  the  automatic 
and  the  positive.  Automatic  injectors  have  a single  set  of  jets,  or 
tubes,  while  positive  injectors  have  two  sets.  If  the  end  of  the  suc- 
tion hose  becomes  uncovered  and  the  suction  breaks,  the  automatic 
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injector  will  start  again,  but  if  the  suction  of  the  positive  injector 
breaks  it  must  be  started  again  by  hand.  It  is  this  property  of  the . 
automatic  injector  that  makes  it  the  best  form  of  injector  for  all 
road  engines  where  the  water  washes  back  and  forth  in  the  tank  a 
great  deal. 

Figure  21  is  a sectional  view  of  a Penberthy  injector,  such  as  is 
used  on  traction  engines.  When  steam  is  first  admitted  to  the  in- 
jector, it  flows  through  the  steam  jet  R,  then  down  through  the  suc- 
tion jet  8,  and  carries  with  it  whatever  air  there  is  in  the  space  be- 
tween jets  R and  S . 

This  steam  and  air  l^ifts  the  overflow  valve  and  escapes  to  the 
atmosphere,  because  it  has  not  momentum  enough  to  enter  the  boiler. 
As  soon  as  the  air  is  exhausted  from  the  inside  of  the  injector, 
atmospheric  pressure  forces  water  up  into  the  combining  chamber, 
and  condenses  the  jet  of  steam  issuing  from  the  steam  jet  R . 

The  chamber  between  R and  8 corresponds  to  the  cold  portion  F 
in  the  preceding  diagram,  and  is  maintained  cold  so  long  as  fresh 

water  enters  from  the  tank. 
Whatever  steam  there  may  be 
in  the  injector  is  now  con- 
densed by  the  jet  of  water 
passing  through,  and  conse-  t 
quently  atmospheric  pressure 
closes  the  check  valve  P. 

The  stream  flowing  through  j 
the  injector  must  be  a purely  > 
liquid  one,  that  is,  it  must  not  i 
contain  any  steam  or  air.  If  i 
it  does,  the  resulting  stream 
will  not  have  enough  weight 
combined  with  its  velocity  to 
overcome  boiler  pressure  and 
will  consequently  flow  out  at 
the  overflow  valve. 

For  the  same  reason,  if  the 
injector  is  hot,  as  it  is  if  the 
valve  in  the  steam  pipe  leaks, 
it  will  not  work  because  some 
of  the  suction  water  is  changed 
to  steam  by  the  heat  in  the  in- 
jector and  the  resulting  stream  will  contain  steam.  The  remedy  in 
this  case  is  to  pour  cold  water  on  the  injector  until  it  becomes  cold 
enough  to  start.  An  injector  can  not  handle  hot  water  either,  be- 
cause hot  water  will  not  condense  all  of  the  steam. 


STEAM 
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BOILER  SAFETY  APPLIANCES. 


There  are  five  safety  devices  usually  found  on  every  steam  boiler. 
They  are  a steam  gauge,  a safety  valve,  a gauge  glass,  a fusible  plug 
and  try  cocks.  All  of  these  devices  are  necessary  in  order  to  make 
a boiler  reasonably  safe,  and  more  than  this,  the  operator  or  en- 
gineer should  know  the  construction  of  all  of  these  devices  inti- 
mately and  know  how  to  take  proper  care  of  them  so  that  they  may 
be  in  proper  working  order  at  all  times.  In  addition  to  the  safety 
devices  above  mentioned,  which  are  to  be  found  on  every  traction 
engine  boiler,  there  are  to  be  found  on  many  stationary  boilers  low 
water  alarms  and  automatic  devices  which  start  and  stop  the  feed 
pump  and  thus  keep  the  water  in  the  boiler  at  a constant  level. 
These  are  useful,  too,  and  serve  a good  purpose,  but  are  too  com- 
plicated and  expensive  for  traction  engine  purposes.  After  all, 
the  best  safety  device  that  any  boiler  can  be  provided  with,  whether 
it  be  stationary  or  traction,  is  an  intelligent,  well  trained  man  to 
take  care  of  it  and  all  of  its  fittings.  The  first  named  safety  devices 
may  be  termed  essential  fittings,  no  matter  how  good  the  engineer 
is,  and  we  will  proceed  to  study 
them.  The  steam  gauge  is  per- 
haps the  most  important  and  we 
will  consider  it  first. 

The  office  of  a steam  gauge  is 
to  measure  the  outward  pressure 
of  the  steam  op  the  walls  of  the 
boiler.  The  steam  gauge  is  a sort 
of  weighing  machine  which 
weighs  this  pressure  in  pounds 
per  square  inch.  If  an  accurate 
gauge  is  placed  on  a boiler,  and 
it  registers  150  pounds,  it  means 
that  on  every  square  inch  inside 
of  the  boiler  there  is  an  outward 
pressure  of  150  pounds  due  to  the 
steam.  The  size  of  the  opening  through  which  steam  flows  on  its 
way  to  the  gauge  is  not  a square  inch  in  area,  but  this  makes  a dif- 
ference since  the  gauge  is  made  to  register  in  pounds  per  square  inch. 

There  are  two  kinds  of  steam  gauges  in  common  use,  namely,  the 
Bourdon  spring  gauge  and  the  capsular  spring  gauge.  Both  are  good 
gauges  and  both  have  been  used  for  a great  many  years,  their  first 
appearance  dating  from  about  the  year  1850.  Figure  22  illustrates 
a Bourdon  spring  gauge  with  the  dial  removed  showing  the  inside 


Figure  22. 
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mechanism.  The  spring  consists  of  a brass  tube  of  elliptical  shape 
closed  at  the  upper  end  and  connected  to  the  steam  space  in  the 
boiler  at  the  lower  end.  The  outer  end  of  this  spring  is  connected 
by  means  of  a suitable  link  to  a segment  lever  whose  teeth  mesh  with 
a small  pinion.  This  pinion  is  mounted  on  a spindle  which  carries 
a pointer.  When  the  pressure  of  the  steam  is  exerted  on  the  inside 
of  the  bent  spring  it  tends  to  straighten  and  in  doing  so  forces  the 
hand  around  the  circle  and  over  the  face  of  a dial.  This  dial  is 
graduated  and  marked  to  show  the  pressure  in  pounds  corresponding 
to  any  position  of  the  pointer.  A small  flat  coil  spring  takes  up  the 
back  lash  or  lost  motion  of  the  pinion  and  makes  the  pointer  sensi- 
tive to  any  changes  in  the  Bourdon  spring.  The  elliptical  shape  of 
these  springs  makes  them  more  sensitive  than  if  they  were  round. 
Gauges  used  for  low  pressure  work  are  graduated  up  to  from  thirty 
to  forty-five  pounds  and  are  fitted  with  a light  sensitive  spring.  Those  ! 
that  are  designed  for  high  pressure  work,  such  as  for  traction  en|] 
gines,  are  fitted  with  heavier  springs  and  are  graduated  up  to  from 
two  hundred  to  two  hundred  fifty  pounds.  Such  gauges  are  not  sup- 
posed to  be  accurate  at  low  pressures  below  twenty-five  or  thirty 

pounds.  Above  that,  however, 
they  are  very  nearly  exact  up 
to  the  limit  for  which  they  are 
graduated. 

Figure  23  shows  a double 
spring  gauge.  These  gauges  are 
somewhat  more  expensive  and 
are  Hsed  largely  on  locomo- 
tives, being  less  sensitive  to 
vibrations  of  the  engine  than 
single  spring  gauges  and  being 
also  more  substantial. 

If  steam  were  admitted  di- 
rectly into  the  Bourdon  spring, 
the  gauge  would  not  register 
correctly  on  account  of  the  ex- 
pansion due  to  the  heat  from: 
the  steam.  For  this  reason, 
and  because  the  spring  would  deteriorate  quite  rapidly  under  the 
high  temperature  of  the  steam,  a syphon  is  placed  between  the  boiler 
and  the  gauge.  In  stationary  practice  this  syphon  often  consists  of 
a single  loop  of  pipe,  but  for  traction  engine  work  a brass  bulb 
syphon,  shown  in  section  in  Figure  24,  is  used,  the  loop  of  pipe 
having  too  much  vibration  for  a boiler  subjected  to  rough  road  con- 


Figure  23. 
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ditions.  The  first  steam  that  enters  the  syphon  is  condensed  and  a 
pl|ug  of  water,  sufficient  to  fill  the  Bourdon  spring,  is  forced  up  into 
the  gauge.  Above  this  there  is  a plug  of  air  and  still  below  this  there 
is  steam.  This  mixture  of  air  and  water  does  not  reach  as  high 
a temperature  as  the  dry  steam  and  does  not  change  its  temperature 
so  quickly  and  is  much  easier  on  the  spring.  The  brass  syphon  is  ar- 
ranged to  drain  the  gauge  as  the  steam  pressure  in  the  boiler  falls. 

Care  should  be  taken  to  keep  an  accurate  steam  gauge  on  the  boiler. 
A gauge  that  needs  frequent  coaxing  with  a pitchfork  handle  is,  need- 
less to  say,  not  entirely  satisfactory.  In  general,  if  the  gauge  does 
not  agree  with  the  pop  valve,  it  may  be  considered  out  of  order. 
The  pop  valve  is  much  less  delicate  than  a gauge  and  while  it  may 
go  wrong,  it  is  less  liable  to  do  so  than  the  gauge.  The  fact  that  a 
gauge  is  new  is  not  sufficient  guarantee  that  it  is  accurate.  While 
all  gauges  are  tested  at  the  factory  where  they  are  made  they  fre- 
quently get  out  of  adjusment  before  getting  into  the  user’s  hands. 
A new  gauge  came  into  the  writer’s  hands  about  a year  ago  that  was 
out  of  adjustment.  The  hand  had 
slipped  on  its  pinion.  By  running  the 
pressure  on  the  standard  test  gauge  up 
to  one  hundred  pounds  and  then  set- 
ting the  hand  on  the  new  gauge  to  the 
same  point,  the  correct  adjustment 
was  made.  A leak  in  the  steam  con- 
nections between  boiler  and  gauge  will 
prevent  a gage  from  working  correct- 
ly and  perhaps  ruin  the  gauge  if  it  al- 
lows the  water  to  escape  from  the 
spring.  A cracked  spring  can  not  be 
mended.  It  is  not  likely  to  occur  un- 
less the  gauge  freezes  and  this  very 
thing  may  occur  and*  has  often  oc- 
curred while  the  boiler  has  been 
steamed  up  if  the  weather  was  very 
cold  and  a high  wind  was  blowing. 

Under  such  conditions  the  gauge  should 
be  kept  covered  with  a blanket  or  an 
old  coat.  The  mechanism  of  a gauge 
rarely  ever  needs  oiling,  and  if  it  is 
oiled,  only  a good  grade  of  clock  oil 
should  be  used  and  that  sparingly.  It  is  better  not  to  use  oil  at  all 
unless  the  engineer  is  very  well  acquainted  with  steam  gauges. 
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Figure  25  shows  a capsular  spring  gauge  and  Figure  26  shows  the 
construction  of  the  capsular  spring.  Steam  pressure  from  the  boiler 
forces  water  between  the  two  faces  of  the  capsular  spring  and  spreads 
them  apart  a distance  proportional  to  the  amount  of  the  steam  pres- 
sure. This  movement  is  transmitted,  through  a set  of  multiplying 
levers,  a segment  lever  and  a pinion  to  a spindle  that  carries  the 
pointer.  These  gauges  are  strong  and  well  made  and  are  accurate. 
They  are  not,  however,  used  so  much  on  traction  engines  as  Bour- 
don spring  gauges. 

The  fusible  plug  or  soft  plug  is  another  important  safety  device 
that  all  or  nearly  all  traction  engine  boilers  are  equipped  with.  It 
consists  of  a brass  plug  having  an  opening  in  the  middle  filled  with 
with  tin.  Figure  27  shows  two  styles  in  which  these  plugs  are  made. 
In  the  one  marked  A,  the  hole  in  the  plug  is  made  tapering  so  that 
when  steam  pressure  acts  on  the  tin  filling  it  can  not  possibly  be 
forced  out  by  the  pressure  alone  since  the  pressure  acts  on  the  large 


end  of  the  tin  plug. 


In  B there  is  an  enlargement  in  the  middle 

that  serves  the 


same  purpose. 

In  fire  box 
boilers  the  plug 
is  screwed  into 
the  highest 
point  of  the  fire 
box  and  in  re- 
turn flue  boilers 
it  is  located  in 
the  front  end,  in 
the  smoke  box, 
just  above  the 
main  flue.  The 
tin  that  it  is 
filled  with  melts 
at  a temperature 
of  about  440° 
F.,  and  if  the 
water  in  the 
boiler  gets  so 
low  as  to  leave 
the  top  of  the 

plug  bare,  the  tin  melts  and  water  and  steam  blow  out.  If  this 
happens  in  a fire  box  boiler  the  fire  will  be  put  out.  Many  return 
flue  boilers  do  not  have  a fusible  plug,  but  all  fire  box  boilers  do, 
and  they  are  needed. 


Figure  25. 
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In  case  a plug  melts  out  anyone  can  fill  it  by  melting  a little  tin 
in  a suitable  iron  dish  and  pouring  the  hole  in  the  plug  full.  If 
the  plug  is  stood  up  on  an  iron  plate  it  will  prevent  the  tin  from 
running  through.  After  the  plug  is  filled  the  tin  should  be  tamped 
in  with  a hammer  and  punch.  In  filling  be  sure  there  is  no  moisture 
in  the  plug.  If  there  is,  the  hot  metal  will  turn  it  quickly  into  steam 
and  here  will  be  a little  explosion  and  some  one  is  apt  to  get  burned 
with  the  hot  tin.  The  plug  should  be  filled  at  the  beginning  of  every 
season.  If  left  in  too  long  it  becomes  crystallized  and  does  not  melt 
readily.  It  is  a good  plan  to  take  the  plug  out  every  time  the  boiler 
is  cleaned  and  see  that  the  top  is  not  covered  with  scale.  A little 
scale  on  the  top  can  easily  prevent  the  steam  from  blowing  out  even 
if  the  tin  has  melted.  It  is  also  a good  plan  to  coat  the  threads  of 
the  plug  with  graphite  so  that  it  will  unscrew  easily  next  time.  Oil 
put  on  the  threads  will  burn,  forming  a deposit  of  carbon  that  will 
make  it  stick  and  consequently  oil  should  not  be  used.  Tn  conclud- 
ing this  bit  of  advice  in  regard  to  fusible  plugs  it  may  be  well  to 
add  that  an  iron  plug  such  as  a spike  is  a very  poor  substitute  for 
tin  and  is  not  to  be  recommended  although  some  fellows  who  claim 
to  be  engineers  use  it  occasionally. 

Babbitt  is  not  good  either  although 
it  is  better  than  the  spike.  The  rea- 
son babbitt  is  not  very  good  is  that 
it  has  a rather  uncertain  melting 
point,  depending  upon  its  compo- 
sition, and  may  be  too  high.  Pure 
tin  is  by  all  odds  the  best  and 
every  engine  should  be  provided 
with  a bar  to  be  kept  in  the  tool 
box  for  emergency. 

The  next  safety  device  we  will  consider  is  the  safety  valve  or  spring- 
pop  valve,  a sectional  cut  of  one  type  of  which  appears  in  Figure  28. 
It  is  made  of  brass  throughout  except  the  springs  and  the  handle. 
The  lower  end  G screws  into  the  steam  space  in  the  boiler  and  admits 
steam  to  the  lower  side  of  the  main  valve  A.  A rod  B rests  on  the 
top  of  this  valve  and  is  held  down  by  means  of  the  cap  H and  main 
spring  S.  In  order  for  valve  A to  rise  it  must  compress  the  spring  S. 

A lock  nut  holds  the  top  of 
this  spring  in  place  and  if  it 
is  screwed  down  it  puts  more 
load  on  the  spring  and  of 
course  more  load  on  the  top 
)f  the  main  valve.  A full  turn  of  this  lock  nut,  by  the  way,  is  equiv- 
dent  to  adding  about  thirty  pounds  pressure  on  the  top  of  the  valve. 


Figure  27. 
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It  doesn’t  pay,  therefore,  to  use  a monkey  wrench  very  freely  on  this 
lock  nnt  unless  you  want  to  carry  a tremendous  pressure  on  the 
boiler.  On  the  top  of  valve  A there  is  another  valve  C,  called  ar! 
auxiliary  valve.  This  valve  is  held  to  its  seat  by  an  auxiliary  spring 
E.  It  will  be  noticed  that  this  valve  and  spring  are  attached  firmly 
to  the  stem  of  the  main  valve  and  must  move  with  it.  The  purpos< 
of  this  auxiliary  valve  will  presently  be  described. 

All  pop  valves  are  provided  with  what  is  called  a pop  chamber 
into  which  the  steam  first  expands  after  it  passes  the  main  valve 

This  is  shown  at  M,  in  the  figure 
When  the  pressure  in  the  boilei 
is  less  than  the  compressive  force 
on  spring  S,  the  main  valve  re- 
mains seated,  but  when  it  raises  t( 
a point  just  a trifle  above  the  loac 
on  the  spring,  the  valve  rises  anc 
steam  flows  out  around  the  valve  | 
seat  V,  and  up  into  the  pop  chamhei 
II,  underneath  the  valve  C.  In  ex 
panding,  the  steam  acquires  consid 
erable  velocity,  which  is  changed  to 
pressure  when  stopped  by  the  valve 
C.  The  force  that  now  opens  the 
main  valve  is  the  steam  pressure 
acting  on  the  lower  side  of  A pin 
the  pressure  on  C in  the  pop  cham 
her.  This  total  pressure  is  mori 
than  sufficient  to  open  the  mair 
valve  and  it  pops  wide  open.  Ii 
would  remain  open  until  the  stearrij 
in  the  boiler  had  fallen  a consider 
able  amount  below  the  popping  ofi 
point  if  there  was  not  some  provis 
ion  made  to  relieve  the  pressure  irj 
the  pop  chamber.  This  is  accom 
plished  in  this  machine  by  making 
the  compressive  force  on  spring  I 
much  less  than  on  spring  S.  This 
allows  the  valve  C to  lift  and  let  the 
steam  escape  from  the  pop  cham 
her.  The  load  on  spring  E can  be 
If  this  is  made  heavy  the  pressun 


Figure  28. 

regulated  by  means  of  the  nut  D. 
in  the  boiler  will  fall  a considerable  amount  before  the  main  valve  re 
turns  to  its*  seat.  If  made  light,  on  the  other  hand,  there  will  be  only  * 
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light  fall  in  pressure.  It  is  set  correctly  when  it  leaves  the  factory 
md  needs  no  further  attention  unless  the  pressure  at  which  the  main 
ralve  works  is  changed  a great  deal.  In  that  case  it  may  be  neces- 
ary  to  make  some  adjustment. 

In  other  types  of  pop  valves  there  are  different  methods  used  to 
Lccomplish  the  same  object  that  the  auxiliary  valve  does  in  the  pop 
ralve  above  described.  These  devices  are  known  as  regulators  and 
jrovide  means  for  relieving  the  pressure  in  the  pop  chamber  at  vary- 
ng  rates.  In  almost  all  pop  valves,  except  the  one  described,  this 
egulator  must  be  adjusted  whenever  the  load  on  the  main  valve  is 
hanged  very  much,  otherwise  the  pressure  in  the  boiler  will  be  either 
educed  by  too  small  an  amount,  or  else  too  much  pressure  will  be 
ost  every  time  the  pop  valve  acts.  In  general,  the  regulator  should 
ie  set  to  reduce  the  pressure  in  the  boiler  about  three  pounds. 

The  pressure  at  which  the  pop  valve  is  set  on  a new  engine  is 
phat  the  manufacturer  considers  the  safe  working  pressure  for  his 
►oiler.  While  the  boiler  will  undoubtedly  be  safe  with  somewhat 
ugher  pressures  when  new  it  is  not  good  sense  to  screw  down  the 
►op  and  increase  the  pressure.  As  the  boiler  grows  older  it  is  not 
ble  to  stand  such  high  pressures  as  when  new  and  the  “pop”  should 
>e  set  lower.  It  may  be  set  down  as  a general  rule,  though  not  ap- 
►licable  in  every  case,  that  the  engineer  who  has  a hankering  to 
crew  down  the  pop  valve  is  a fellow  who  needs  pretty  close  watch- 
ng.  It  might  be  safer  to  let  him  haul  water. 
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FUELS  AND  FIRING  AND  BOILER  HORSE  POWER 

FUELS  AND  FIRING. 

Air  consists  of  two  gases,  oxygen  and  nitrogen,  mixed  in  propor 
tion  to  one  part  of  the  former  to  four  of  the  latter.  Air  is  neces- 
sary to  make  a fire  burn,  because  combustion  or  burning  consists  oj  - 
the  union  of  oxygen  with  the  carbon  and  hydrogen  of  the  fuel.  Aii 
supplies  the  necessary  oxygen  for  combustion.  Nitrogen  does  nol  i 
aid  combustion  in  the  least,  but  rather  hinders  it.  If  nitrogen  wen 
supplied  to  the  fire,  and  no  oxygen,  the  fire  would  go  out  as  quickly  I 
as  though  water  were  poured  upon  it. 

When  oxygen  unites  with  carbon,  it  forms  a new  chemical  sub- 
stance called  carbon  dioxide,  which  goes  out  with  the  smoke.  Smoke 
then,  consists  of  the  nitrogen  of  the  air  which  passes  through  the 
furnace  without  being  changed,  carbon  dioxide  gas,  some  steam  ! 
and  some  finely  divided  particles  of  soot,  which  is  carbon  that  has 
not  been  burned,  and  which  gives  smoke  its  black  color.  If  more 
air  is  admitted  to  the  furnace  than  is  necessary  to  supply  the  exact 
amount  of  oxygen  for  the  fuel  burned,  then  there  will  always  be 
some  free  oxygen  in  the  smoke,  and  a much  larger  amount  ol 
nitrogen. 

Fuels. — Different  fuels  have  different  heating  values.  For  ex- 
ample, a pound  of  coal  will  heat  more  water  than  a pound  of  wood, 
and  a pound  of  wood  more  than  a pound  of  straw.  The  heat  value 
of  a fuel  is  based  oil  the  amount  of  water  it  will  heat  and  is  ex- 
pressed in  what  is  called  heat  units. 

A heat  unit  is  the  amount  of  heat  necessary  to  heat  one  pound  of 
water  through  one  degree.  Measured  on  this  basis,  pure  carbon 
would,  if  all  its  heat  could  be  utilized,  raise  14,650  pounds  of  water 
one  degree,  Fahrenheit.  In  other  words,  one  pound  of  pure  carbon 
contains  14,650  heat  units.  Ordinary  soft  coal  contains  from  12,000 
to  13,500  heat  units.  The  following  table  gives  the  heating  volume 
in  heat  units  of  the  different  fuels  used  in  traction  engines : 


TABLE  II. 

KIND  OF  FUEL. 

Good  soft  coal 

Hard  wood 

Soft  wood  

Crude  oil  

Flax  straw  

Wheat  straw — . 


HEAT  UNITS. 

13,500 

8,400 

9,000 

20.000 

7,500 

5,500 
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As  inspection  of  the  table  shows  that  one  pound  of  crude  oil  is 
3qual  to  about  1.8  pounds  of  coal,  and  one  pound  of  flax  straw  equal 
;o  one-half  a pound  of  coal.  It  also  shows  why  flax  straw  is  so  much 
setter  for  fuel  than  wheat  straw. 

Duty  of  the  Fireman. — The  first  duty  of  the  fireman  in  the  morn- 
ng  when  he  comes  to  the  engine  is  to  clean  the  flues.  The  tool  used 
?or  this  purpose  should  be  some  sort  of  a scraper  that  can  be  ad- 
justed to  the  size  of  the  flue  by  screwing  the  rod  in  or  out  the 
)roper  amount.  The  flues  should  be  scraped  clean,  as  a very  thin 
coating  of  soot  on  the  inside  prevents  heat  from  passing  through 
he  metal  as  rapidly  as  it  should,  and,  consequently,  it  takes  a long 
;ime  to  get  up  steam.  As  an  example  of  the  effect  of  soot  inside 
;he  tubes,  the  writer,  in  order  to  prove  the  matter  to  his  students, 
dlowed  an  engine  to  run  three  full  afternoons  without  cleaning 
he  flues.  The  next  afternoon  it  took  hard  firing  from  one  o’clock 
mtil  almost  five  to  get  up  steam.  On  the  following  day  the  flues  were 
leaned  and  a full  head  of  steam  was  gotten  up  in  about  an  hour. 
I is  often  advisable  to  clean  the  flues  at  noon  also.  Of  course  doing 
o when  steam  is  up  is  apt  to  cool  the  front  ends  of  the  flues  and 
>erhaps  cause  them  to  leak,  but  if  the  fire  is  allowed  to  go  down 
ather  low  at  first  and  the  work  is  done  quickly,  it  ought  not  to  do 
my  particular  damage.  Some  boilers  are  fitted  with  a device  for 
leaning  the  flues  with  a blast  of  steam.  This  arrangement  is  a 
:ood  device  to  use  once  in  a while,  but  should  not  take  the  place 
f a regular  flue  cleaner.  All  the  blower  does  is  to  blow  out  the  loose 
oot,  and  does  not  affect  the  dense  scale-like  portion  which  does  the 
eal  damage,  and  which  sticks  closely  to  the  metal. 

After  cleaning  the  flues,  the  next  thing  to  do  is  to  see  if  there 
3 plenty  of  water  in  the  boiler  before  building  the  fire.  It  is  not 
nough  to  merely  look  to  the  glass,  but  the  gauge  cocks  should  be 
ried  also.  When  the  boiler  is  shut  down  for  the  night  both  the 
pper  and  lower  glass  connections  should  always  be  shut  and  the 
lass  drained.  Then  in  the  morning  it  must  be  turned  on,  and  when 
?sted  with  the  gauge  cocks,  there  is  no  doubt  about  where  the  water 
?vel  is  in  the  boiler. 

The  next  thing  to  do  is  to  build  the  fire.  If  coal  is  used  for  fuel, 
rst  start  a fire  with  kindlings  and  wood.  When  it  is  going  in 
ood  shape,  throw  in  some  coal  which  has  been  broken  in  small 
ieces.  It  is  not  best  to  throw  in  very  much  coal  at  first,  as  it  cools 
le  fire  and  makes  starting  slower.  When  the  first  two  or  three 
lovelfuls  get  to  going  well,  throw  in  some  more,  and  keep  on  adding 
ael  in  this  way  until  the  grates  are  covered  all  over  to  a depth  of 
)ur  or  five  inches.  This  is  about  the  proper  depth  of  fire  to  carry 
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with  soft  coal  in  order  to  get  the  best  results.  It  is  very  importanl 
that  the  fuel  he  spread  evenly  over  the  grates  and  that  no  dead  01 
open  space  be  allowed.  Air  always  follows  the  line  of  least  resistance 
and  if  there  is  a place  in  the  grates  where  there  is  no  fuel,  most  ol 
the  draft  will  go  through  this  opening  instead  of  going  up  through 
the  fuel  where  the  oxygen  can  get  to  the  right  place  and  aid  com- 
bustion. 

The  result  of  open  places  in  the  grates  is  always  a poor  fire,  anc 
trouble  in  keeping  up  steam.  For  the  same  reason,  the  coal  should 
be  broken  up  fine — in  pieces  not  larger  than  a man’s  fist.  Large 
lumps  of  coal  do  not  lie  closely  together  and  so  make  open  places  ir 
the  grates.  It  is  best  for  the  beginner  to  follow  a system  in  firing 
that  is,  throw  a shovelful  first  in  one  corner,  then  in  another,  and  s( 
on  around,  and  in  that  way  keep  an  even  thickness.  The  fire,  dooi 
should  be  opened  immediately  after  the  coal  is  thrown  in  to  preven 
cold  air  from  passing  into  the  flues.  The  strong  draft,  due  to  th( 
exhaust,  causes  a heavy  inrush  of  cold  air  every  time  the  fire  door  b 
opened  and  is  the  principal  cause  of  leaking  flues.  If  the  fireman  b 
careful  about  opening  and  closing  the  doors,  he  can  save  the  flues 
great  deal. 

The  fire  should  not  be  poked  very  much,  but  should  be  cleaned  o' 
ashes  and  clinkers  occasionally,  by  running  the  slice  bar  down  alon£ 
the  grates  and  in  under  the  fire.  What  ever  clinker  is  present  shouh 
be  raked  out. 

Care  should  be  taken  to  keep  ashes  from  piling  up  under  tin 
grates,  because  they  not  only  obstruct  the  draft  but  cause  the  grat 
bars  to  burn  out.  If  the  grate  bars  burn  it  is  always  due  to  too  mud] 
ashes  in  the  ash  pan,  which  prevent  cold  air  from  coming  in  belov 
and  keeping  them  cool. 

If  firing  with  coal  there  is  not  much  danger  of  sparks  being  throwi 
from  the  stack,  but  with  old  dry  wood  and  with  straw  there  is  dange 
unless  the  spark  arrester  is  kept  in  place.  In  starting  the  fire,  th< 
spark  arrester  must  be  lifted  out  of  the  way,  and  may  be  kept  liftec 
even  after  the  blower  is  turned  on,  unless  the  fuel  is  very  dry,  bu 
when  the  engine  is  started  and  the  exhaust  causes  a heavy  draft,  i 
should  be  lowered  in  the  chimney.  Wire  screen  spark  arresters  shouh 
be  cleaned  at  frequent  intervals,  because,  like  the  flues,  they  ge 
coated  with  soot,  which  clogs  the  meshes  and  prevents  a good  draft 
In  fact,  one  of  the  first  places  to  look  if  an  engine  does  not  stean 
well,  is  at  the  spark  arrester  to  see  if  it  is  dirty.  If  it  is,  the  draf 
will  be  poor  and  the  fire  can  not  burn  properly. 

Firing  with  straw  appears  to  be  a very  simple  process,  but  i] 
reality  it  is  harder  than  firing  with  coal  and  requires  constant  atten 
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ion,  whereas  a coal  fire  is  attended  to  only  at  intervals.  A man  may 
>e  an  expert  in  firing  with  coal  and  still  make  a failure  when  he 
ries  straw.  Straw  requires  a strong  draft  and  plenty  of  air,  and 
o if  coal  grates  are  used  all  but  two  or  three  should  be  removed — 
>nly  enough  being  left  in  place  to  keep  whatever  straw  that  falls 
nto  the  fire  box  from  dropping  into  the  ash  pan.  The  straw  chute 
hould  be  kept  packed  with  straw  at  all  times  to  prevent  cold  air 
rom  passing  through  into  the  flues.  Only  a small  forkful  should  be 
ired  at  a time  and  this  should  not  be  crowded  into  the  fire  box.  The 
►bject  to  be  aimed  at  in  straw  firing  is  to  keep  the  end  of  the  column 
>f  straw  that  passes  through  the  chute  just  far  enough  inside  the 
ire  box  to  burn  well,  but  so  that  none  of  it  falls  onto  the  grates. 

Straw  forms  a great  amount  of  loose  ash  that  must  be  raked  out 
»f  the  ash  pit  at  frequent  intervals  or  the  draft  will  be  poor.  It  also 
orms  considerable  hard  clinker,  which  accumulates  not  only  in  the 
Hi  pit  but  also  on  the  upper  side  of  the  brick  arch.  This  clinker 
aust  be  cleaned  out  at  frequent  intervals  also.  There  is  also  trouble 
rom  the  ends  of  the  flues  in  the  fire  box  end  of  direct  flue  boilers 
•eing  capped  with  soot  and  a sort  of  clinker.  This  must  be  looked 
fter  every  little  while,  and  the  caps  removed  with  a poker  through 
he  little  door  in  the  side  of  the  fire  box  that  opens  above  the  arch. 

When  a fireman  attends  to  all  these  little  things  and  keeps  steam 
Lp  and  at  the  same  time  attends  to  the  pump  or  injector,  he  is  kept 
retty  busy. 

Many  firemen  make  the  mistake,  of  firing  too  hard,  thinking  it  a 
lark  of  ability  to  make  the  boiler  “pop  off”  every  few  minutes.  As 
matter  of  fact,  it  rather  shows  lack  of  ability.  The  steam  pressure 
ught  to  be  kept  as  high  as  necessary,  say  five  or  ten  pounds  below 
he  popping  off  point.  A good  fireman  will  exert  himself  to  keep 
teady  pressure,  because  by  so  doing  he  saves  fuel,  saves  water,  and 
aves  the  boiler.  A change  in  steam  pressure  means  a change  in 
3mperature  also,  and  that  means  either  expansion  or  contraction 
f the  metal  and  consequent  wear  and  tear.  The  steam  pressure  can 
e controlled  fairly  well  by  opening  or  closing  the  drafts,  by  using 
ta  right  amount  of  fuel,  and  by  pumping  in  cold  water  at  the  right 
ime. 

If  the  engine  is  fitted  with  a variable  exhaust  nozzle,  this  will  also 
elp  to  control  the  steam  pressure.  When  it  gets  a little  too  high, 
ie  relief  nozzle  should  be  opened;  this  will  cause  less  draft  and  at 
he  same  time  make  the  engine  a little  stronger  by  reducing  the 
mount  of  back  pressure  in  the  exhaust  pipe.  Taking  away  back 
ressure  is  just  the  same  as  adding  an  equal  amount  of  forward 
ressure. 
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When  an  engine  is  shut  down  for  the  evening,  the  fireman  shouh 
see  that  plenty  of  water  is  left  in  the  boiler.  He  should  pump  wate 
up  above  the  middle  gauge  cock.  This  will  reduce  the  steam  pressure 
and  there  will  not  be  much  loss  of  water  through  the  pop  valve’! 
working  after  the  engine  is  shut  down.  The  draft  doors  should  b< 
closed  and  all  parts  in  which  water  accumulates  during  the  da; 
properly  drained. 

If  the  fireman  or  engineer  has  a system  that  he  follows  every  day 
there  is  not  much  danger  of  overlooking  anything.  The  parts  tha 
need  draining  are  the  water  glass,  lubricator,  pump,  injector,  fee< 
pipe,  cylinder,  steam  chest  and  throttle  valve. 

In  all  the  Northern  wheat  raising  states  frost  is  apt  to  occu 
almost  any  night  in  the  fall  during  the  threshing  season,  and  it  i 
better  to  start  in  by  draining  all  parts  that  need  it  the  first  thing  ii 
the  season,  and  keep  it  up  every  night.  There  will  be  no  danger  o 
forgetting  some  cold  night  to  open  the  drip  cocks  and  no  need  o 
having  to  say  by  way  of  an  excuse  that  you  did  not  think  it  wa  , 
going  to  freeze. 

HORSE  POWER  OF  ENGINES  AND  BOILERS. 

The  term  “horse  power”  is  used  more  frequently,  perhaps,  than  an; 
other  term  in  connection  with  boilers  and  engines.  Undoubtedly 
most  people  think  horse  power  means  the  same  thing  whether  appliei 
to  an  engine  or  a boiler.  As  a matter  of  fact,  however,  boiler  hors 
power  and  engine  horse  power  are  quite  different  things. 

In  order  to  explain  the  two  terms  clearly,  it  will  first  be  necessar; 
to  define  work  and  power. 

Work  may  be  defined  as  the  overcoming  of  resistance  through  dis 
tance,  or  as  a force  acting  through  distance.  The  force  or  resist  j 
ance  is  measured  in  pounds  and  the  distance  in  feet.  Work,  then 
is  expressed  as  the  product  of  the  two  factors  resistance  and  distance 
or,  force  and  distance.  The  result  is  expressed  in  foot  pounds . Fo 
example,  if  a force  of  one  pound  moves  through  a distance  of  on 
foot,  one  foot  pound  of  work  is  accomplished.  Or,  if  it  requires  t ei 
pounds  of  force  to  overcome  a certain  resistance,  and  this  force  act 
through  a distance  of  twenty  feet,  then  10X20  or  200  foot  pounds  o 
work  are  done.  There  must  always  be  two  factors,  force  and  dis 
tance,  involved  when  work  is  done.  Looked  at  in  this  way,  work  i 
a purely  mathematical  quantity. 

When  only  one  factor  is  involved,  no  work  is  done  that  can  b 
measured.  For  example,  a man  holding  a weight  at  arm’s  length  i 
doing  no  work  in  the  sense  above  described,  because  the  force  h 
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3xerts  does  not  pass  through  any  distance.  The  man  may  get  very 
tired  and  feel  as  though  he  had  done  a great  deal  of  work,  but  ac- 
cording to  the  accepted  definition  of  work,  he  has  done  nothing. 
Just  as  the  unit  for  measuring  distance  is  the  foot,  so  the  unit  for 
measuring  work  is  the  foot  pound. 

Power  measures  the  rate  of  doing  work.  Consequently,  in  all  dis- 
3ussions  of  power,  time  must  be  taken  into  consideration,  because 
the  rate  or  speed  at  which  work  is  accomplished  is  measured  by  the 
amount  of  time  taken.  Three  factors  enter  into  all  considerations  of 
aower;  namely,  force,  distance,  and  time.  The  more  power  an  engine 
las,  the  faster  it  can  do  its  work,  or,  the  more  work  it  can  do  in  a 
*iven  length  of  time,  which  amounts  to  the  same  thing.  If  two  men 
aach  do  the  same  amount  of  work,  and  the  first  gets  through  in  one 
lour,  while  the  second  takes  two  hours,  then  the  first  exerts  twice  as 
much  power  as  the  second. 

Horse  Power . — When  James  Watt,  the  inventor  of  the  steam  en- 
gine, first  put  his  engines  on  the  market  he  found  it  necessary  to 
adopt  some  method  of  measuring  their  power  that  could  be  readily 
mderstood  and  appreciated.  He  accordingly  conceived  the  idea  of 
3omparing  the  power  of  his  engine  with  that  of  horses.  In  order  to 
lo  this  he  measured  the  work  done  by  the  large  London  dray  horses, 
and  found  that  on  an  average,  they  were  able  to  do  33,000  foot  pounds 
)f  work  in  one  minute.  Since  that  time  the  term  “horse  power”  has 
neant  the  accomplishment  of  33,000  'foot  pounds  of  work  in  one 
ninute.  Thus  it  will  be  seen  that  the  term  horse  power  is  a per- 
fectly definite  quantity  and  does  not  depend  upon  what  a horse  may 
ar  may  not  be  able  to  do.  As  a matter  of  fact,  few  horses  can  act- 
aally  perform  a horse  power  of  work  for  a considerable  length  of 
;ime.  Authorities  on  the  subject  state  that  a 1,200  pound  horse, 
vorking  eight  hours  per  day,  is  able  to  accomplish  only  about  two- 
;hirds  of  a horse  power  of  work.  Larger  horses,  of  course,  can  do 
proportionately  more.  For  short  periods  of  time,  an  ordinary  horse 
nay  be  able  to  work  at  a much  faster  rate,  doing  perhaps  3-  or  4- 
lorse  power.  An  ordinary  man,  working  eight  hours  per  day,  can 
lo  from  one-eighth  to  one-tenth  of  a horse  power  of  work. 

In  view  of  the  above  discussion,  it  will  be  readily  seen  that  it  is  an 
irror  to  say  that  a 25-horse  power  engine  is  equal  to  twenty-five 
lorses.  If  the  engine  is  actually  doing  25-horse  power  of  work,  it  is 
loing  about  as  much  as  thirty-six  ordinary  horses.  Moreover,  most 
jngines  are  capable  of  doing  considerably  more  work  than  they  are 
*ated  at.  This  is  especially  true  of  traction  engines,  which,  by  the 
vay,  are  underrated  a great  deal.  For  example,  the  writer  recently 
ested  a 15-horse  power  traction  engine  on  the  brake,  and  found  that 
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it  easily  developed  42-horse  power.  Even  then  it  was  not  working  as 
hard  as  it  could,  and  in  an  hour’s  test  no  trouble  was  experienced  in 
keeping  up  steam.  As  a general  rule,  it  may  be  stated  that  traction 
engines  are  capable  of  developing  from  two  to  three  times  as  much 
power  as  their  rating  specifies.  On  account  of  the  necessity  for 
having  a large  amount  of  reserve  power  to  enable  them  to  handle  | j 
sudden  large  increases  in  the  load,  it  has  become  the  habit  to  under-  j 
rate  them  much  more  than  stationary  engines.  Stationary  gasoline  j 
engines,  on  the  other  hand,  have  not  generally  been  rated  any  higher 
than  their  actual  capacity.  Consequently,  men  who  have  replaced 
steam  engines  with  gasoline  engines  of  the  same  rated  horse  power 
have  often  been  greatly  disappointed  in  not  having  sufficient  power. 
It  is  only  fair  to  say,  however,  that  at  the  present  time  gasoline 
traction  engines  are  also  largely  underrated  and  compare  quite  favor- 
ably in  actual  power  with  steam  engines  of  the  same  rating. 


Boiler  Horse  Power. — This  term  has  an  entirely  different  meaning  ' 
from  the  term  horse  power  as  applied  to  an  engine.  In  fact,  it  is 
more  misleading  than  descriptive.  Originally,  it  meant  that  a boiler 
of  a certain  horse  power  was  capable  of  supplying  steam  for  an  en- 
gine of  the  same  power.  Later,  when  the  engines  were  improved,  it 
was  found  that  what  might  be  a 10-horse  power  boiler  for  one  engine 
might  be  a 20-  or  even  a 30-horse  power  for  another.  In  order,  there- 
fore, to  give  the  term  a definite  meaning,  a committee  of  engineers 
met  in  Philadelphia,  in  1876,  and  after  a good  deal  of  experimenting, 
decided  to  base  the  power  of  a boiler  on  the  amount  of  water  it  is 
able  to  evaporate  in  one  hour.  The  report  of  this  committee  stated 
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that  a boiler  horse  power  shall  be  equal  to  the  evaporation  of  thirty- 
four  and  one-half  pounds  of  water  in  one  hour  into  steam  at  atmo- 
spheric pressure,  starting  with  the  feed  water  at  a temperature  of 
212  degrees'  Fahrenheit.  It  was  further  specified  that  the  boiler 
should  work  under  normal  conditions  as  to  firing  and  that  a good, 
ordinary  grade  of  soft  coal  should  he  used.  It  will  thus  be  seen 
that  the  term  boiler  horse  power  is  quite  different  from  engine  horse 
power.  In  fact,  it  is  not  correct,  strictly  speaking,  to  say  the  horse 
power  of  a boiler,  because  a boiler  does  not  work  in  the  strict  sense 
of  the  term.  It  does  not  overcome  any  resistance  through  a distance. 
It  simply  stores  away  energy  in  the  form  of  steam. 

The  power  of  boilers  is  often  based  upon  their  heating  surface,  or 
upon  the  area  of  the  grates.  Ordinary  multitubular  stationary  boilers 
are  given  twelve  square  feet  of  heating  surface  per  boiler  horse  power, 
and  one-third  of  a square  foot  of  grate  surface.  Locomotives  have 
about  four  and  one-half  square  feet  of  heating  surface,  and  only 
seven  one-hundredths  of  a square  foot  of  grate  area.  According  to 
their  rated  horse  power,  direct 
flue  traction  boilers  are  given 
about  eleven  and  a half  square 
Peet  of  heating  surface,  and 
forty-two  hundredths  of  a 
square  foot  of  grate  area  per 
horse  power.  Some  builders  ex- 
ceed these  values  a slight 
amount,  while  others  fall  be- 
low. 

Measuring  the  Horse  Power 
of  an  Engine . — There  are  two  common  methods  in  general  use  for 
determining  the  horse  power  of  an  engine.  In  the  first  method  a 
Prony  brake  is  used,  and  in  the  second,  an  indicator.  Brake  horse 
power  shows  exactly  how  much  work  the  engine  is  doing  at  the  fly 
wheel,  while  the  indicator  shows  how  much  work  is  done  in  the 
cylinder.  Indicated  horse  power  is  always  greater  than  brake  horse 
power,  because  the  work  done  in  the  cylinder  shows  the  total  amount 
of  work  done  by  the  piston,  and  includes  not  only  the  work  done  at 
the  fly  wheel,  but  the  work  necessary  to  run  the  engine  itself  as  well. 

An  indicator  is  an  expensive  and  delicate  instrument,  and  the 
services  of  an  experienced  man  are  required  to  secure  satisfactory 
results.  A brake  is  something  that  any  engineer  can  make  and  is 
3asy  to  operate.  Figures  29  and  30  show  how  it  may  be  constructed, 
and  the  following  directions  explain  how  it  should  be  used  and  how 
fie  horse  power  is  figured. 


Figure 
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1.  Place  the  brake  on  the  fly  wheel  in  the  position  shown,  with  the 
nuts  A loosened  so  that  the  brake  hangs  free  on  the  wheel.  Now 
find  out  how  much  weight  the  brake  exerts  on  the  scales.  This  weight : 
is  constant  and  must  be  subtracted  from  all  of  the  scale  readings. 

2.  Oil  the  rim  of  the  fly  wheel,  so  that  it  will  not  stick  to  the 
brake,  and  start  the  engine.  Now  tighten  nuts  A as  much  as  possible 
without  slacking  the  speed  of  the  engine,  thus  putting  a load  on  the 
engine.  In  running  it  is  often  necessary  to  keep  a stream  of  water 
on  the  wheel  to  keep  the  brake  from  burning. 

3.  Pind  the  average  speed  of  the  engine  per  minute  during  a run 
of  at  least  ten  minutes,  and  the  average  load  on  the  scales.  Sub- 
tract the  weight  of  the  brake  on  the  scale,  as  found  in  paragraph  1, 
and  the  result  will  be  the  load  exerted  by  the  engine. 

4.  Now  measure  the  length  of  the  brake  arm  in  feet,  and  proceed; 
as  follows:  Multiply  the  length  of  the  brake  arm  by  the  average 
load  on  the  scales,  and  by  the  average  revolutions  of  the  fly  wheel. 
Then  multiply  this  product  first  by  2,  and  then  by  3.1416.  Divide 
the  final  product  by  33,000,  and  the  quotient  will  be  the  brake  horse 
power. 

Example . — Suppose  in  a certain  test,  that  the  brake  arm  was  seven 
feet  long,  the  load  on  the  scales  150  pounds,  and  the  average  num- 
ber of  revolutions  240  per  minute;  what  is  the  horse  power  of  the; 
engine  ? 

Solution . — 7X150X240X2X3-1416  equals  1,583,366.  This  divided 
by  33,000  equals  47.7  horse  power. — Answer. 
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TYPES  OF  ENGINES,  THE  PLAIN  SLIDE  VALVE. 

TYPES  OF  ENGINES. 

There  are  four  distinct  types  or  classes  of  traction  engines,  namely : 
simple  engines,  duplex  engines,  tandem  compound  engines  and  cross 
3ompound  engines. 

A simple  engine  has  only  one  cylinder;  a duplex  engine,  commonly 
3alled  a double  simple  engine,  has  two  cylinders  of  equal  size  placed 
side  by  side  and  connected  with  the  same  crank  shaft  by  cranks 
placed  90  degrees  or  a quarter  of  a turn  apart.  A duplex  engine, 
herefore,  consists  of  two  separate  simple  engines  complete  in  every 
letail. 

A tandem  compound  engine  consists  of  two  cylinders,  one  large, 
he  other  small,  placed  end  to  end.  The  small  cylinder  is  called  the 
ligh  pressure  cylinder,  the  large  one  the  low  pressure  cylinder. 

Steam  first  enters  the  small  cylinder,  and  after  doing  its  work 
;herein  is  exhausted  to  the  steam  chest  of  the  large  cylinder  at  a 
nuch  lower  pressure  and  is  then  admitted  to  the  large  cylinder, 
vhere  more  of  its  energy  is  utilized  before  it  is  exhausted  to  the  air. 

A cross  compound  engine  has  two  cylinders  of  unequal  size,  placed 
iide  by  side  and  connected  to  the  same  crank  shaft  by  cranks  placed 
)0  degrees  apart,  just  as  in  the  double  engine.  The  small  cylinder 
| ’eceives  the  steam  first  and  is  called  the  high  pressure  cylinder, 
if  ter  the  steam  has  done  a certain  amount  of  work  in  the  small 
3ylinder,  it  is  passed  on  to  the  large  one,  where  it  is  made  to  do 
i still  more  work,  and  is  finally  passed  out  at  the  exhaust  at  a low 
>ressure. 

If  the  cylinder  of  a simple  engine  were  eight  inches  in  diameter, 
vith  a twelve-inch  stroke,  the  area  against  which  steam  could  act 
vould  be  about  fifty  square  inches.  If  steam  at  one  hundred  pounds 
; )ressure  were  admitted  behind  the  piston  throughout  the  whole 
troke  the  total  force  driving  it  would  be  50X100  or  5,000  pounds. 
Che  amount  of  work  done  per  stroke  by  such  an  engine  would  be 
qual  to  5,000  foot  pounds,  since  the  distance  the  force  moves  is  one 
dot.  If  the  engine  makes  200  revolutions  per  minute  it  will  make 
our  hundred  strokes,  and  the  total  work  done  per  minute  is  equal  to 
‘,000X400  or  2,000,00Q  foot  pounds.  Since  33,000  foot  pounds  per 
ninute  equal  a horse  power,  the  engine  under  consideration  would 
levelop  2,000,000  divided  by  33,000  or  60%-horse  power.  Such  an 
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engine  would  be  powerful,  but  it  would  be  very  wasteful  of  fuel  an 
water  because  the  steam  at  the  end  of  the  stroke  would  contain 
great  deal  of  energy  that  goes  to  waste  in  the  exhaust  and  does  nj 
work.  The  best  engines  do  not  let  the  steam  escape  until  a largl 
part  of  its  expansive  energy  has  been  turned  into  work,  and  consej 
quently  when  the  exhaust  opens  the  steam  escapes  at  a low  pressure 


/ 1 = Ou'ts/c/c  Lap. 
ZB  =Irrsie/*  L^o 


Figure  31. 


In  other  words,  a good  engine  uses  the  expansive  power  of  the  stead 
to  perform  work.  In  order  to  do  this  it  is  necessary  to  admit  stead 
to  the  cylinder  during  only  a portion  of  the  stroke  and  then  cut  i 
off  and  allow  it  to  expand  behind  the  piston  during  the  remainder 
The  means  taken  to  accomplish  this  desirable  result  are  to  provid 
a valve  having  outside  lap . | 

The  above  illustration,  Figure  31,  shows  a valve  provided  wit. 
both  outside  and  inside  lap.  Outside  lap  governs  the  closing  of  th 
steam  port  or  cut-off and  inside  lap  the  closing  of  the  exhaust  poi 
or  compression . j 

If  the  valve  were  a “square  valve/7  i.  e.,  if  it  had  neither  outsid 
nor  inside  lap,  it  would  take  steam  and  also  exhaust  it  during  th 
full  stroke.  As  indicated  above,  such  an  engine  would  not  be  eco 
nomical  in  the  use  of  steam. 

The  position  of  the  eccentric  using  a square  valve  is  90  degree^ 
ahead  of  the  crank.  If  a valve  having  outside  lap  were  used  th 
throw  of  the  eccentric  would  have  to  be  larger  than  for  a square  valvi 
in  order  to  move  the  valve  a distance  equal  to  the  lap,  plus  the  por 
opening,  and  it  would  have  to  be  placed  enough  more  than  90  de 
grees  ahead  of  the  crank  to  move  the  valve  at  the  beginning  of  th 
stroke  a distance  equal  to  the  outside  lap,  plus  the  lead.  The  posi 
tion  of  the  eccentric  for  this  condition  relative  to  the  crank  is  illus 
trated  in  Figure  32.  The  amount  the  eccentric  is  placed  ahead  o! 
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ie  90  degrees  position  is  called  the  angle  of  advance  of  the  eccentric, 
his  discussion  applies  to  all  plain  slide  valve  engines  and  to  link 
averse  engines,  but  not  to  engines  fitted  with  reverse  gears  like  the 
7oolf,  reverse,  or  gears  of  that  class. 

After  steam  is  cut  off  from  the  cylinder,  it  expands  and  pushes  the 
iston  to  the  end  of  the  stroke,  but  with  a constantly  decreasing 
ressure.  If  the  cut-off  occurs  very  early  the  pressure  at  the  end 
? the  stroke  may  be  almost  nothing  and  theoretically  the  engine  is 
Ding  the  greatest  possible  amount  of  work  with  the  least  steam,  and 
msequently  the  least  fuel  and  water.  This  is  clearly  illustrated 
t the  following  diagrams. 


r/c  above  sharftto  shour  re/at t've  pos/tt on  of  parts 
o better  ac/ ts an ia ye . 

Figure  32. 

The  length  of  the  diagrams  represents  the  stroke  of  the  engine, 
id  the  height  of  the  steam  pressure,  both  to  the  same  scale.  The 
irved  line  shows  how  the  pressure  falls  after  cut-off.  The  whole 
pire  represents  the  work  done  in  the  cylinder;  the  unshaded  part, 
ie  work  done  before  cut-off,  and  the  shaded  portion  the  work  done 
fter  cut-off.  It  will  be  observed  that  the  work  done  after  cut-off, 

• during  expansion,  when  the  steam  is  cut  off  at  either  one-third 

* one  fourth  stroke  is  more  than  it  is  before.  The  diagrams  also 
iow  that  at  one-half  cut-off,  with  one-half  as  much  steam, 
leoretically  eighty-six  per  cent  as  much  work  can  be  done  as  at 
ill  stroke.  At  one- third  cut-off  sixty-seven  per  cent  as  much  work 
m be  done  with  one-third  the  steam,  while  at  one-fourth  cut-off 
ith  one-fourth  as  much  steam,  fifty-five  per  cent  as  much  work  is 
icomplished.  Herein,  then,  lies  the  secret  of  using  steam  eco- 
>mically. 
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Of  course,  such  good  economy  can  not  be  obtained  practically 
but  practice  shows  that  using  steam  expansively  does  result  in  greatly 
increased  economy. 

In  addition  to  an  early  cut-off,  it  is  also  desirable  to  close  the  ex- 
haust port  before  the  end  of  the  stroke  so  that  whatever  steam  re- 
mains in  the  cylinder  may  be  compressed.  Doing  this,  of  course 


% Cut  off 

increases  the  back  pressure  and  reduces  the  useful  work  that  th( 
engine  is  able  to  do,  but  it  is  necessary  to  the  good  working  of  th< 
engine  for  the  following  reasons: 

In  all  reciprocating  engines,  that  is,  engines  in  which  a pistor 
works  back  and  forth  in  the  cylinder,  the  piston,  piston  rod,  cross 
head  and  connecting  rod  must  be  stopped  twice  during  every  revo, 
lution  in  order  to  start  in  the  opposite  direction.  The  combined 
weights  of  these  parts  is  between  one  hundred  fifty  and  two  hundrec 
pounds  in  an  ordinary  traction  engine  and  they  travel  at  a rate  oij 
about  five  hundred  feet  per  minute.  Such  a heavy  mass  traveling  ai 
such  a high  rate  of  speed  gathers  a great  deal  of  momentum,  anc 
if  the  piston  did  not  meet  with  considerable  resistance  in  compress 
ing  the  steam,  the  task  of  stopping  these  moving  masses  and  re 
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,‘rsing  their  direction  would  come  upon  the  crank  pin.  This  would 
suit  in  a heavy  shock  not  only  upon  the  crank  pin  but  upon  the 
ain  bearings  and  cross  head  pin,  resulting  in  knocks  or  pounds  at 
ese  places  and  difficulty  through  hot  hearings.  If  the  valve  is 
ven  some  inside  lap,  compression  or  cushioning  of  the  exhaust 
dps  bring  the  moving  parts  to  rest  and  the  stress  comes  upon  the 
linder  head  instead  of  upon  the  bearings. 


The  above  discussion  will  explain  why  a badly  set  valve  sometimes 
akes  an  engine  pound  at  the  crank  pin,  or  main  bearings,  for  if 
e valve  is  so  set  that  there  is  no  compression  or  cushion  of  the 
*am  at  one  end  of  the  stroke,  the  task  of  stopping  the  piston,  cross 
ad  and  connecting  rod  falls  upon  the  crank  pin  and  main  bearings. 
The  question  is  often  asked,  why  are  the  cylinders  of  a compound 
gine  of  unequal  size?  This  is  easily  answered  by  the  aid  of  the 
companying  diagram,  Figure  34.  In  diagram  A,  two  pistons  of 
ual  size  are  secured  to  the  same  rod  and  steam  is  admitted  be- 
een  them  through  pipe  P.  Since  both  pistons  are  of  equal  size  the 
tal  pressure  acting  toward  the  right  is  the  same  as  that  acting 
vard  the  left,  and  consequently  there  can  be  no  motion.  In  figure 
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B,  where  the  pistons  are  of  different  size,  the  pressure  per  square 
inch  on  the  right  of  C,  and  on  the  left  of  D,  is  the  same.  The  total 
pressure  on  the  large  piston  will  be  greater  than  on  the  small  one 
and  consequently  movement  will  take  place  in  the  direction  of  the: 
large  piston.  Whatever  pressure  there  is  on  the  small  piston,  how-!; 
ever,  will  act  as  back  pressure,  and  it  is  only  the  pressure  on  the 
difference  in  the  area  that  produces  motion.  Suppose  the  area  of  the 
small  piston  were  thirty  square  inches  and  the  area  of  the  large  pis- 
ton were  fifty  square  inches. 

If  steam  at  sixty  pounds  pressure  be  admitted  to  both  cylinders 
through  pipes  F,  and  G,  it  will  exert  a total  pressure  on  piston  D, 
of  60X50  or  3,000  pounds  acting  toward  the  right  and  a back  pres- 
sure on  piston  C,  of  30X60*  or  1,800  pounds;  the  effective  pressure, 
therefore,  acting  toward  the  'right  on  the  large  piston  is  3,000  minus 
1,800  or  1,200  pounds.  If  bofji  pistons  C,  and  D,  were  the  same  size, 
the  steam  admitted  betwOpn;\Them  could  not  work,  since  the  back 
pressure  on  one  would,  exactly  offset  the  forward  pressure  on  the 
other.  It  must  always  be 'remembered  that  the  forward  pressure  on 
the  large  cylinder  is  just  about  the  same,  or  a little  less,  than  the 
back  pressure  on  the  high  pressure  piston. 

The  economy  gained  in  u&ing  a compound  engine  arises  largely 
from  the  fact  that  greater  advantage  can  thus  be  taken  of  the  ex- 
pansive power  of  high  pressure  steam  than  with  a simple  engine. 

The  power  of  an  engine  and  its  smoothness  of  running  depend,  to 
a great  extent,  upon  the  way  the  valve  is  set.  If  a plain  slide  valve 
is  set  with  all  the  lead  at  one  end,  it  will  cut  off  steam  earlier  in  one 
stroke  and  later  in  another,  and,  consequently,  the  engine  will  do 
more  work  on  one  stroke  than  on  the  other.  This  will  cause  the  en- 
gine to  use  more  steam  than  if  the  valve  were  set  correctly  and  the: 
power  of  the  engine  will  be  less.  The  use  of  more  steam  demands}! 
harder  firing  together  with  the  use  of  more  fuel  and  water.  Be- 
sides, when  a valve  is  too  early  on  one  stroke  it  will  be  too  late  on 
the  other.  Therefore  on  one  stroke,  compression  will  occur  too  early 
and  on  the  other  too  late.  This  may  cause  compression  to  rise  higher 
than  the  boiler  pressure,  and  force  the  valve  from  its  seat;  then  when! 
the  port  opens,  the  steam  compressed  in  the  cylinder  will  escape  to: 
the  steam  chest  and  the  valve  will  snap  back  on  its  seat,  making 
considerable  noise,  while  on  the  other  stroke  when  there  is  little  or 
no  compression  to  take  up  the  shock  of  reversing  the  moving  parts 
there  is  apt  to  be  a knock  at  the  crank  pin  or  cross  head  pin  or  in 
the  main  bearings. 

In  view  of  the  preceding  discussion  it  will  be  seen  that  much  de- 
pends upon  how  the  valve  is  set.  Every  engineer  should  study  the 
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valve  motion  of  his  engine  and  be  prepared  to  set  it  correctly  in 
case  it  gets  out  of  adjustment.  . The  first  thing  to  be  learned  is  how 
to  put  an  engine  on  dead  center.  An  exact  method  of  doing  this 
with  the  use  of  a tram  will  now  be  described,  step  by  step,  and  the 
directions  should  be  followed  in  the  order  given. 

DIRECTIONS  FOR  PUTTING  AN  ENGINE  ON  DEAD  CENTER. 

1.  Take  up  all  lost  motion  in  the  cross  head,  connecting  rod  and 
main  bearings. 

2.  Turn  the  fly  wheel  until  the  crank  stands  a little  above  center 
as  shown  in  Figure  35. 


3.  Make  a prick  punch  mark  on  the  guides  as  at  A,  and  another 
on  the  cross  head  B.  Set  a pair  of  dividers  so  that  the  points  will 
fit  into  these  two  marks. 

4.  Make  a prick  punch  mark  on  some  convenient  part  of  the  frame 
as  at  C.  Now,  with  one  end  of  the  tram  D,  in  C , mark  a point  on 
the  rim  of  the  fly  wheel  or  crank  disc.  Call  this  mark  E. 

5.  Now  turn  the  crank  below  the  center,  as  shown  by  the  dotted 
lines,  until  the  point  B,t  will  come  back  to  its  original  place  and  the 
points  of  the  dividers  will  again  fit  into  the. two  marks,  A and  B. 
The  crank  is  just  as  far  below  center  now  as  it  previously  was  above 
center. 

6.  With  one  end  of  the  tram  in  C , find  another  mark  F,  on  the 
crank  disc. 

7.  Now  find  a point  G exactly  midway  between  E and  F and  mark 
this  with  a prick  punch. 

8.  Turn  the  crank  in  the  direction  the  engine  is  to  run  until  the 
tram  will  fit  into  the  two  marks  C and  G.  The  engine  is  now  on 
dead  center.  The  other  dead  center  can  be  found  in  exactly  the 
same  way. 
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After  the  marks  are  once  established,  with  the  same  tram  the  en-  < 
gine  can  be  quickly  put  on  dead  center  again.  It  is  a good  plan  for 
an  engineer  to  make  up  a tram  of  stiff  wire  and  find  the  proper  marks 
C,  and  Gr,  as  described  above,  and  then  lay  his  tram  away  in  the  tool 
box  so  that  he  can  put  his  engine  on  dead  center  at  a moment’s  notice, 
thus  being  prepared  to  set  the  valve  quickly  in  case  it  becomes 
necessary. 

PISTON  CLEARANCE. 

1.  Put  engine  on  dead  center  and  scribe  a mark  across  cross  head 
and  guides.  Call  this  line  A. 

2.  Put  engine  on  other  dead  center  and  scribe  another  mark.  Call 
this  line  B. 

3.  Disconnect  connecting  rod  from  crank. 

4.  Open  the  cylinder  and  push  piston  to  extreme  head  end  of 
cylinder,  and  measure  from  line  A on  guide  to  line  A on  cross  head. 

5.  Push  piston  to  crank  end  of  cylinder  and  measure  from  line  B 
on  guide  to  line  B on  cross  head. 

6.  If  the  measurements  do  not  agree,  either  lengthen  or  shorten 
the  piston  rod  where  it  enters  the  cross  head,  one-half  the  difference  i 
in  the  measurements. 

Another  way  to  make  sure  of  clearance  is  as  follows : Put  engine 
on  dead  center,  disconnect  the  piston  rod  from  the  cross  head,  and 
push  the  piston  to  the  extreme  end  of  stroke.  Now  connect  piston 
to  cross  head,  and  shorten  the  piston  rod  one-eighth  of  an  inch;  this 
will  provide  an  eighth  of  an  inch  clearance  at  one  end  and  will  leave 
a little  more  or  less  than  that  amount  at  the  other.  At  any  rate 
there  is  no  danger  of  the  piston’s  striking  the  cylinder  head. 

DIRECTIONS  FOR  SETTING  A PLAIN  SLIDE  VALVE. 

The  following  directions  refer  to  a plain  slide  valve  engine  with- 
out a reverse  gear,  and  should  be  followed  in  the  order  given  to  insure  \ 
success. 

1.  Take  up  all  lost  motion  as  described  for  putting  an  engine  on 
center,  and  then  take  off  the  steam  chest  cover. 

2.  Turn  the  engine  over  by  hand,  and  observe  if  the  valve  opens 
both  the  right  hand  and  the  left  hand  ports  the  same  moment.  If  it 
does  not  do  so,  adjust  it  on  its  stem  until  it  does. 

3.  Place  the  engine  on  dead  center  and  then  rotate  the  eccentric 
on  the  shaft  in  the  direction  the  engine  should  run,  starting  from  a 
position  opposite  to  the  crank,  until  the  valve  shows  the  proper  lead 
on  the  side  nearest  the  piston. 
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4.  Secure  the  eccentric  in  this  position  by  means  of  the  set  screws 
and  turn  the  engine  to  the  other  dead  center.  The  valve  should 
have  exactly  the  same  lead,  and 
it  will  have  if  the  adjustment  in 
item  2 was  made  correctly . 

5.  In  case  the  lead  is  not  the 
same,  correct  half  of  the  error  by 
moving  the  eccentric,  and  the 
other  half  by  moving  the  valve 
on  its  stem.  The  valve  will  now 
•be  set  correctly.  The  lead  can 
either  be  increased  or  decreased 
an  equal  amount  on  both  sides  by 
moving  the  eccentric  on  the  shaft. 

Moving  the  valve  on  its  stem  has 
the  effect  of  increasing  the  lead 
on  one  side  and  of  decreasing  it 
an  equal  amount  on  the  other. 

The  amount  of  lead  that  should  be  given  differs  with  different  en- 
gines, and  no  general  rule  can  be  laid  down  that  will  be  of  any  value. 
Some  engines,  even  of  the  same  make,  require  more  lead  than  others. 

The  best  thing  to  do  if  the  en- 
gine does  not  run  smoothly  is  to 
make  several  trials  until  the  cor- 
rect lead  is  found  for  that  par- 
ticular engine. 

The  correct  position  for  the  ec- 
centric, relative  to  the  crank,  is 
shown  in  Figure  36,  and  the  di- 
rection of  rotation  of  the  engine 
is  shown  by  the  arrow.  In  order 
to  reverse  an  engine  of  this  kind, 
the  eccentric  must  be  placed  as 
many  degrees  ahead  of  the  crank 
in  the  opposite  direction,  as 
shown  in  Figure  37.  These  di- 
rections, it  must  be  understood, 
apply  only  to  a slide  valve  engine  whose  eccentric  rod  attaches 
directly  to  the  valve  stem  without  the  intervention  of  a rocker  arm. 
The  position  of  the  eccentric  for  the  Woolf  valve  gear  and  the  other 
reversing  gears  of  a similar  type,  is  entirely  different  and  will  be 
discussed  on  a subsequent  page. 
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EFFECT  OF  THE  ANGULARITY  OF  THE  CONNECTING  ROD. 

The  crank  end  of  the  connecting  rod  moves  up  and  down  past  the 
center  line  of  the  engine  during  every  revolution  an  amount  equal  to 
the  length  of  the  crank.  This  atfects  both  the  motion  of  the  piston 
and  the  action  of  the  valve  in  the  following  manner. 

In  Figure  38,  A-B,  represents  the  stroke  of  the  piston.  For  con- 
venience, the  connecting  rod  is  supposed  to  be  connected  directly 
to  the  piston,  thus  dispensing  with  a cross  head  or  piston  rod.  The 
point  (7,  is  midway  between  A and  B.  Now  with  a pair  of  dividers 
set  equal  to  the  length  of  the  connecting  rod,  set  one  leg  at  C,  and 
strike  an  arc  across  the  crank  circle,  cutting  the  latter  at  D.  This 
shows  that  when  the  piston  has  reached  the  mid  point  of  its  stroke 
that  the  crank  has  not  made  a quarter  turn.  When  the  piston 
travels  from  C to  B , however,  the  crank  will  be  at  E.  Therefore, 
during  the  first  half  of  the  piston  stroke  the  crank  does  not  travel 
as  far  as  it  does  during  the  last  half.  This  is  due  to  the  angle  made 
by  the  connecting  rod  with  the  center  line  of  the  engine. 

In  all  well  governed  engines  the  crank  travels  at  a uniform  rate 
of  speed,  that  is,  it  takes  the  same  time  in  making  the  first  quarter 
of  a turn  that  it  does  the  second,  therefore  the  piston  must  travel 

faster  during  the  first  quarter  of 
a revolution  of  the  crank  than  it 
does  during  the  second  quarter, 
starting  from  the  head  end  of 
the  cylinder.  Now  since  the  valve 
is  driven  from  the  shaft,  it  must 
keep  exact  time  with  the  crank, 
but  since  the  piston  does  not 
travel  through  equal  distances  for  each  quarter  turn  of  the  crank,  it 
is  evident  that  the  valve  and  piston  do  not  keep  time  with  each  other. 
If  the  valve  cuts  off  steam  at  a certain  point  in  the  stroke  on  the 
forward  motion,  it  will  not  cut  off  steam  at  the  same  point  in  the 
stroke  on  the  return  motion,  a result  due  to  the  disturbing  action 
of  the  angularity  of  the  connecting  rod.  Consequently,  in  an  engine 
such  as  we  have  been  discussing,  it  is  impossible  to  set  the  valve 
with  equal  lead  and  have  equal  cut-off.  By  making  the  lead  unequal 
it  is  possible  to  make  the  cut-off  equal  for  both  the  forward  and  re- 
turn strokes,  but  this  is  seldom  done  in  practice.  The  usual  method, 
and  in  general  the  best  satisfaction,  will  be  obtained  by  setting  the 
valve  with  equal  lead  even  if  the  cut-off  is  not  equal. 

Link  reverse  engines  and  reversible  engines  having  a slotted  ec- 
centric, are  affected  in  the  same  way  as  plain  slide  valves  by  the  an- 
gularity of  the  connecting  rod.  There  are  some  reversible  engines, 
however,  in  which  this  difficulty  is  overcome. 
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TRACTION  ENGINE  REVERSING  GEARS. 


REVERSING  GEARS. 

When  one  looks  over  the  various  traction  engine  catalogues  and 
reads  the  descriptions  of  each  of  the  valve  and  reversing  gears  de- 
scribed therein,  he  is  apt  to  think,  unless  he  is  especially  observing, 
that  each  designer  has  succeeded  in  finding  something  entirely  dif- 
ferent from  any  of  his  competitors.  Such,  however,  is  not  the  case,  as 
we  will  attempt  to  show.  As  a matter  of  fact,  there  are  only  three 
different  principles  involved  in  all  traction  engine  reverse  gears, 
consequently  we  may  divide  all  gears  into  the  three  following  classes : 

1.  The  link  reverse,  using  two  eccentrics. 

2.  The  radial  reverse,  using  one  eccentric. 

3.  The  shifting  eccentric  reverse  gear,  with  one  eccentric. 

There  are  many  modifications  of  each  of  these  three  classes,  but, 

as  before  stated,  all  traction  engine  reverse  gears  fall  into  one  or 
another  of  these  classes.  They 
will  now  be  taken  up  and  dis- 
cussed in  the  order  just  given. 

The  Link  Reverse  is  provided 
with  two  eccentrics,  one  set 
about  120  degrees  ahead  of  the 
crank,  the  other  just  as  far  be- 
hind, as  shown  in  Fig.  39.  If 
these  two  eccentrics  are  so  ar- 
ranged that  either  one  can  be 
made  to  drive  the  valve  it  is 
evident  the  engine  can  be  .re- 
versed. With  the  crank  in  the  position  shown,  the  piston  must  be  at 
the  left  end  of  the  cylinder,  and  for  the  engine  to  run  the  left  steam 
port  must  open.  If  the  eccentric  rod  were  fastened  to  the  upper  ec- 
centric E,  the  crank  must  move  upward  to  pull  the  valve  toward  the 
right.  On  the  other  hand,  if  the  eccentric  rod  were  fastened  to  E , 
the  crank  must  move  downward  to  pull  the  valve  toward  the  right. 
We  could  reverse  an  engine  with  two  eccentrics  set  in  this  way  by 
detaching  the  eccentric  rod  from  one  and  fastening  it  to  the  other  ec- 
centric, but  the  device  would  be  very  awkward  and  it  would  be  neces- 
sary to  stop  the  engine  each  time  we  wanted  to  reverse  it.  To  get 
around  this  difficulty  a curved  link  is  used  provided  with  block  B, 
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Figure  40,  which  is  free  to  slide  in  the  link.  The  two  eccentrics  are 
attached  to  the  link  as  shown,  and  the  valve  stem  is  fastened  to  the 
block  B.  The  link  is  suspended  from  its  center  by  means  of  a strap 
S,  attached  to  the  bell  crank  lever  L.  The  latter  is  pivoted  at  P to 
some  point  on  the  engine  frame.  Connection  between  the  bell  crank 
lever  and  the  reverse  lever  R is  made  through  the  rod  D.  When  the 
reverse  lever  is  in  the  center  notch  of  the  quadrant,  as  shown  in  the 
drawing,  the  block  B is  in  the  center  of  the  link.  If  the  reverse 
lever  is  pushed  forward  to  notch  e the  link  will  be  raised  and  the 
block  B will  be  in  the  lower  part  of  the  link  opposite  eccentric  E'. 
In  this  position  the  other  eccentric  will  have  practically  no  effect 
upon  the  movement  of  the  valve  at  all  and  so  the  throw  of  the  valve 
and  the  direction  of  rotation  of  the  engine  will  depend  entirely  upon 


eccentric  E' . If  the  reverse  lever  be  made  to  occupy  position  f,  the 
link  will  be  pushed  down  and  eccentric  E will  control  the  valve  and 
the  engine  will  be  reversed.  If  the  reverse  lever  is  in  the  middle 
notch,  the  link  will  merely  rock  back  and  forth  under  the  action  of 
the  two  eccentrics  and  since  the  block  is  in  the  middle  of  the  link  it 
will  have  almost  no  movement  and  the  valve  will  remain  practically 
stationary.  However,  if  the  reverse  lever  be  shifted  to  d so  that  the 
block  occupies  position  G,  the  valve  will  be  under  the  influence  of 
both  eccentrics,  but  since  it  is  nearer  to  E'  than  to  E , the  former  will 
give  the  engine  its  direction.  The  effect  on  the  valve  will  be  to 
shorten  its  travel,  provide  less  port  opening  and  cause  cut-off  to  oc- 
cur earlier  in  the  stroke.  By  providing  the  reverse  quadrant  with 
the  proper  notches,  cut-off  can  be  made  to  occur  at  any  place  in  the 
stroke  from  almost  nothing  up  to  the  maximum  for  which  the  reverse 
gear  is  designed. 

It  will  thus  be  seen  that  the  link  reverse  not  only  provides  a means 
for  reversing  the  motion  of  the  engine,  but  also  controls,  to  a large 
extent,  the  distribution  of  steam  to  the  cylinder. 


Traction  Engine  Reversing  Gears. 


65 


Stephenson,  the  inventor  of  the  locomotive,  invented  the  style  of 
ink  reverse  used  on  traction  engines.  It  is  said  that  all  he  aimed 
o do  was  to  design  something  that  would  merely  reverse  the  engine, 
>ut  after  the  link  was  put  in  operation  it  was  discovered  that  it  could 
>e  hooked  up  and  thus  control  the  cut-off  of  the  steam  as  well.  This 
tiakes  it  very  valuable  on  locomotives,  because  the  engineer  can  save 
team  by  hooking  up  whenever  he  comes  to  an  easy  grade.  It  also 
nables  him  to  govern  the  speed  of  the  engine  by  cutting  off  the 
team  a little  early  and  thus  reduce  the  average  pressure  on  the  pis- 
on.  The  angularity  of  the  connecting  rod  affects  the  valve  motion 
n just  about  the  same  way  as  for  a simple  engine. 

The  Radial  Reverse  Gear. — In  this  type  of  gear  the  eccentric  sheave 
s fitted  with  a long  strap  to  which  the  eccentric  or  valve  rod  is  at- 
ached.  The  outer  end  of  this  strap  is  compelled  to  travel  in  a fixed 
)ath  either  by  means  of  a guide  or  by  means  of  a radius  link. 

There  are  several  styles  of  radial  gears  applied  to  traction  engines, 
>ut  the  one  which  is  most  familiar  is  the  Woolf  reverse. 


A diagram  showing  the  principles  of  this  gear  appears  in  Figure  41. 
Che  eccentric  is  set  just  opposite  to  the  crank,  and  the  valve  rod  is 
ittached  to  the  strap  S\  at  E.  The  upper  end  of  the  strap  is  pro- 
ided  with  a guide  block  or  roller  which  moves  along  an  inclined 
;uide.  This  guide  may  be  tilted,  either  in  the  direction  of  AF  or 
W.  When  in  the  position  AF  the  engine  must  run  in  the  direction 
•f  the  arrow.  When  the  guide  is  tilted  in  the  direction  CD  the  en- 
ine  is  reversed.  When  the  engine  is  on  dead  center  the  valve  shows 
certain  amount  of  lead.  The  center  of  the  guide  block  B is  oppo- 
ite  the  pivot  on  which  the  guide  turns,  so  that  moving  the  reverse 
3ver  does  not  move  the  valve.  Referring  to  the  figure  it  will  be  seen 
hat  if  the  crank  is  rotated  in  the  direction  of  the  arrow  the  block  B 
vill  move  upward  along  the  guide  AF,  and  toward  the  right,  thus 
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pulling*  the  valve  toward  the  right  and  opening  the  left  port.  If  the 
crank  were  moved  up  and  the  guide  left  the  same,  the  valve  would 
close  the  port  and  the  engine  could  not  run. 

Practically  the  same  direction  could  be  given  to  the  strap  8,  if  it  I 
were  connected  up  with  a radius  link  as  shown  in  Figure  42,  instead 
of  with  a block  and  guide.  If  the  link  be  pivoted  at  1,  the  end  of  thd 
strap  must  move  along  the  line  AF,  and  if  pivoted  at  2,  along  thd: 
line  CD.  These  two  arcs,  it  will  be  noted,  correspond  to  the  directions^ 
of  the  guide  in  Figure  32.  When  pivoted  at  3 the  arc  KM  will  corre^ 
spond  in  general  direction  to  the  vertical  position  KM,  of  the  guide  in! 
Figure  41.  This  is  the  direction  the  end  of  the  strap  will  take  when 
the  reverse  lever  is  in  the  center  notch  in  either  case.  When ‘the  poind 

B moves  along  the  line  KM  the*] 
valve  will  have  practically  no 
movement.  If  an  engine  with 
a gear  of  this  kind  has  the  re-  i 
verse  lever  placed  in  the  center  1 
notch  it  may  keep  on  running,  ] 
if  it  is  not  loaded.  It  will  net 
get  steam  enough  to  do  any 
work,  however,  if  the  valve  is 
set  right.  If  the  guide  in  Figure 

41  is  tilted  a slight  amount! 
from  the  position  KM , the  valve 
will  be  given  only  a little  move- 
ment and  cut-off  will  occur  early:  I 
Or,  if  the  point  P in  Figure! 

42  be  made  to  occupy  positions 
a,  b or  c the  valve  will  have  a smaller  movement  than  when  it  is  at 
1 or  2 and  cut-off  will  occur  earlier.  It  is  clear,  therefore,  that 
with  a radial  valve  gear  an  engine  may  be  hooked  up  as  much  as 
may  be  desired.  Some  of  these  gears  are  arranged  to  give  an  equal 
cut-off  on  either  the  forward  or  backward  stroke.  All  of  them  do 
better  in  this  respect  than  the  link  reverse.  They  all  provide  for  an 
equal  lead  on  both  strokes.  The  lead,  furthermore,  is  constant,  that 
is,  it  is  the  same  for  all  cut-offs,  while  the  lead  of  the  link  reverse 
either  increases  or  decreases  as  the  engine  is  hooked  up,  depending  ;: 
upon  the  way  the  eccentrics  are  set. 

The  radial  gear  is  very  susceptible  to  lost  motion.  If  not  adjusted 
correctly  and  lost  motion  exists,  the  radial  reverse  does  not  give  very 
good  distribution  of  the  steam  to  the  cylinder.  In  this  respect  it 
does  not  give  quite  as  good  results  as  the  link.  However,  they  are 
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>th  good  reverses,  and  since  both  the  good  and  the  bad  points  of  both 
ive  been  presented,  the  reader  may  judge  for  himself  between  them. 

Shifting  Eccentric  Reverse  Gears. — The  eccentric  in  this  type  of 
>ar  is  usually  made  in  the  form  of  a ring  through  which  the  main 
iaft  passes.  This  ring  is  provided  with  planed  guides  on  one  side 
bich  are  free  to  slide  in  ways  attached  to  a hub  which  is  secured  to 
ie  shaft  by  means  of  a set  screw.  Motion  is  given  to  the  eccentric 
r various  means,  such  as  with  a rack  and  pinion,  toggle  levers  or 
vo  racks  having  teeth  cut  at  an 
ogle  of  45  degrees. 

Reverse  gears  of  this  type  are 
iade  in  two  styles,  illustrated 
iagrammatically  in  Figures  43 
ad  44.  In  Figure  43  the  eccentric 
i made  to  slide  straight  across 
ie  shaft,  thus  changing  its  po- 
tion with  relation  to  the  shaft, 
a Figure  44  the  eccentric  rotates 
igfhtly  about  the  shaft  on  a 
3nter  at  p,  and  in  this  way  its 
osition  relatively  to  the  shaft 
i changed. 

In  Figure  43  it  will  be  observed 
lat  the  center  of  the  eccentric 
; set  to  one  side  of  the  center 
* the  main  shaft,  a distance  represented  by  c in  the  diagram.  This 
istance  is  made  equal  to  the  lap  plus  the  lead  of  the  valve.  The 
■ank  is  supposed  to  be  at  the  left  of  the  figure  and  the  engine  on 

dead  center.  When  the  eccen- 
tric is  lifted  to  its  extreme  up- 
per position,  the  shaft  is  at  e 
and  the  crank  will  move  in 
the  same  direction  as  the 
hands  of  a watch.  If  the  ec- 
centric is  dropped  clear  down 
until  the  shaft  is  at  d , the  ec- 
centric will  be  in  position  to 
reverse  the  engine.  When  the 
shaft  is  either  at  d or  e,  or, 
to  be  more  exact,  when  the  ec- 
mtric  is  shifted  up  or  down  to  its  extreme  position,  the  valve  will 
aye  its  greatest  movement  and  steam  will  be  cut  off  at  the  latest 
3int  in  the  stroke.  In  full  gear,  either  forward  or  back,  the  travel 


Figure  43. 


Figure  44. 
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of  the  valve  from  mid  position  is  equal  to  the  distance  from  the 
center  of  the  shaft  to  the  center  of  the  eccentric.  When  the  shaft  is 
at  0,  the  angle  of  advance  of  the  eccentric  is  a,  but  when  the  eccentric 
is  dropped  down  so  that  the  shaft  occupies  the  position  of  the  first 
dotted  circle  above  e the  angle  of  advance  has  increased  to  b.  As 
the  reverse  gear  is  hooked  up,  therefore,  it  is  clear  that  the  angle  of 
advance  increases.  Also  the  distance  from  the  center  of  the  shaft 
to  the  center  of  the  eccentric  decreases,  and  consequently  the  travel i 
of  the  valve  becomes  less.  The  effect  of  increasing  the  angle  of  ad- 
vance is  to  make  cut-off  occur  earlier,  consequently  when  this  valve 
gear  is  hooked  up  the  travel  of  the' valve  is  shortened  and  cut-off  is 
made  to  occur  earlier.  When  the  reverse  lever  is  placed  in  the  cen- 
ter notch,  the  eccentric  is  dropped  down  until  the  shaft  is  at  o;  here  . 
the  throw  of  the  eccentric  is  just  equal  to  the  lap  plus  the  lead  equal 
to  c in  the  figure.  If  an  engine  with  this  sort  of  a reversing  gear  is 
running  light  it  will  keep  on  running  when  the  reverse  lever  is 
in  the  center  notch  because  the  valve  is  allowed  to  open  the  ports 
the  amount  of  the  lead  and  admit  some  steam.  Cut-off  can  not  be 
made  to  occur  at  the  same  point  in  both  forward  and  back  strokes 
because  of  the  angularity  of  the  connecting  rod.  The  lead,  however, 
is  practically  the  same  for  all  positions  of  the  reverse  lever,  no  mat- 
ter which  way  the  engine  is  running,  because  the  eccentric  is  shifted 
acros  the  shaft  in  a straight  line . 

In  Figure  44  the  eccentric  is  pivoted  at  p to  a disc  which  revolves 
with  the  shaft,  and  the  path  taken  by  the  center  of  the  eccentric 

position  or  the  other  is  the  arc  of 
a circle  having  p as  a center.  The 
position  of  the  crank  in  this  dia- 
gram is  toward  the  left  and  the  en- 
gine is  supposed  to  be  on  dead 
center.  When  the  eccentric  is  in 
the  extreme  upper  position  as 
shown  in  the  figure  the  angle  of 
advance  is  f and  the  engine  is  in 
full  gear  forward.  As  the  eccen- 
tric is  dropped  down  nearer  to 
mid  position  the  angle  of  advance 
becomes  greater  just  as  in  the 
other  reverse  gear  previously  de- 
On  account  of  the  curved  path 
taken  by  the  center  of  the  eccentric  it  follows  that  as  the  center  of 
the  eccentric  approaches  nearer  the  center  of  the  shaft,  as  it  does 
when  the  engine  is  hooked  up,  the  lead  decreases,  and  when  the 


when  shifted  either  to  one  extreme 


scribed  and  cut-off  occurs  earlier. 
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•everse  lever  is  dropped  down  the  lead  increases.  The  valve  may 
iave  the  same  lead  on  either  the  forward  or  backward  motion,  but  it 
3an  not  have  the  same  lead  at  all  points  of  cut-off. 

The  Gear  Reverse  is  illustrated  in  Figures  45,  46  and  47.  Referring 
to  the  figures,  8 is  the  main  shaft,  A is  the  spur  gear  attached 
thereto  and  B another  spur  gear  of  exactly  the  same  size  meshing 
with  A.  A gear  box  G is  pivoted  on  the  main  shaft  and  carries 
he  gear  B and  the  crank  disc  C.  The  valve  stem  is  attached  to  this 
disc  by  means  of  pin  P.  When  the  main  shaft  revolves  the  gear  A 
causes  both  the  gear  B and  the  crank  disc  C to  revolve.  In  this  way 
motion  is  given  to  the  valve  by 
means  of  a crank  instead  of  an 
eccentric.  Since  an  eccentric 
is  only  an  enclosed  crank  it  fol- 
lows that  the  motion  imparted 
by  the  crank  will  be  no  differ- 
ent from  that  given  by  an  ec- 
centric having  the  same  throw. 

Figure  45  shows  the  position  of 
this  gear  when  running  in  the  belt,  Figure  46,  when  the  reverse  lever 
is  in  the  middle  notch,  and  Figure  47  when  the  engine  is  reversed. 

At  first  sight  it  does  not  seem  as  though  this  type  of  reverse  gear 

belonged  to  any  of  the  classes 


just  described,  but  a little  con- 
sideration will  show  that  the 
effect  of  this  arrangement  is 
identical  with  that  we  would 
have  with  an  eccentric  that  is 
arranged  to  rotate  around  the 
shaft.  Considered  in  this  way, 
it  clearly  comes  under  the  head 
of  shifting  eccentric  gears. 

As  shown  in  the  diagrams, 
there  are  only  three  positions  for  the  eccentric,  namely,  full  gear 
forward,  full  gear  backward  and  mid  gear.  In  other  words,  a re- 
verse gear  of  this  type  can  not  be  hooked  up,  but  must  take  steam 
during  whatever  part  of  the  stroke  it  is  designed  for. 


CHAPTER  VII. 


DIRECTIONS  FOR  VALVE  SETTING. 

Directions  for  Setting  the  Woolf  Reverse. — In  setting  this  valve 
gear,  just  as  in  setting  any  of  the  others,  the  first  thing  to  do  is  to 
take  np  all  lost  motion  in  the  cross  head,  connecting  rod  and  main 
bearings,  as  well  as  in  the  eccentric,  eccentric  strap  and  all  the  valve 
connections.  Then  find  both  dead  center  points  so  that  the  engine 
can  be  placed  first  on  one  dead  center,  then  on  the  other  by  means 
of  the  tram.  Place  the  engine  on  either  dead  center,  then,  if  there  is 
no  indirect  rocker  shaft  between  the  valve  and  eccentric  so  that  the 
eccentric  rod  moves  in  the  same  direction  as  the  valve,  the  eccentric  i 
should  be  placed  180  degrees,  or  half  of  a circle,  away  from  the 
crank.  If  an  indirect  rocker  shaft  is  used  so  that  the  valve  travels  I 
in  the  opposite  direction  from  the  eccentric  rod,  then  the  eccentric 
must  be  placed  on  the  same  side  of  the  shaft  as  the  crank,  or  just 
exactly  opposite  to  what  it  would  be  if  either  no  rocker  shaft  or  else 
a direct  rocker  shaft  were  used. 

The  effect  of  an  indirect  rocker  shaft  with  any  valve  gear  is  to 
place  the  eccentric  exactly  half  way  around  the  shaft  from  where  it 
would  be  without  such  a shaft.  This  may  be  illustrated  by  the  dia- 
grams shown  in  Figure  48.  The  upper  diagram  shows  an  ordinary 
plain  slide  valve  non-reversible  engine  fitted  with  a direct  rocker 
shaft.  An  inspection  of  the  figure  shows  that  the  valve  and  eccen- 
tric rod  both  travel  in  the  same  direction,  the  only  effect  of  the 
rocker  being  to  increase  the  travel  of  the  valve.  The  eccentric  is 
placed  a little  more  than  a quarter  of  a turn  ahead  of  the  crank,  just 
as  if  no  rocker  shaft  were  used.  In  the  lower  diagram  an  indirect 
rocker  shaft  is  shown.  Here  the  valve  travels  in  the  opposite  direc- 
tion to  the  eccentric  rod,  consequently  in  order  that  the  engine  may 
still  run  in  the  same  direction  the  eccentric  must  be  placed  as  shown, 
that  is,  just  180  degrees  from  the  first  position  shown  in  the  upper 
diagram.  What  is  true  in  this  regard  for  a plain  slide  valve  engine 
is  also  true  for  the  Woolf  reverse  when  an  indirect  rocker  is  used, 
that  is,  it  changes  the  position  of  the  eccentric  exactly  half  way 
around  the  shaft.  In  the  plain  slide  valve  engine  without  a rocker 
shaft,  the  correct  position  for  the  eccentric  is  a little  more  than  a 
quarter  of  a turn  ahead  of  the  crank,  but  with  an  engine  fitted  with 
a Woolf  reverse,  the  proper  place  for  the  eccentric  is  180  degrees 


Directions  for  Valve  Setting. 


71 


from  the  crank  if  no  rocker  is  used  or  exactly  with  the  crank  if  an 
indirect  rocker  shaft  is  interposed.  After  the  eccentric  is  placed  in 
what  appears  to  he  the  correct  position,  as  near  as  can  be  judged  by 
the  eye,  reverse  the  engine  and  note  if  doing  so  moves  the  valve.  If 
it  does,  shift  the  eccentric  one  way  or  the  other  a little  until  a posi- 
tion is  found  where  reversing  the  engine  will  not  move  the  valve. 
When  this  point  is  found,  shift  the  valve  on  its  stem  until  it  has  say 
one-sixteenth  of  an  inch  lead.  Now  place  the  engine  on  the  other 
dead  center  and  see  if  the  lead  is  the  same;  if  not,  corrrect  half  of 


the  error  and  the  valve  is  set.  With  a valve  gear  of  this  kind  it  is 
impossible  to  give  the  valve  either  more  or  less  lead  and  still  have  it 
equal  on  both  dead  centers.  When  the  lead  is  made  equal  the  valve  is 
correctly  set  on  its  stem  and  it  will  have  just  the  amount  of  lead  the 
designer  intended.  In  the  case  of  the  ordinary  plain  slide  valve  the 
•lead  may  be  either  increased  or  decreased  by  shifting  the  eccentric; 
with  the  Woolf  reverse  the  lead  may  be  equalized,  but  it  can  not  be 
changed  from  what  it  was  designed  to  be. 

Some  of  the  Woolf  valves  are  so  designed  that  there  will  be  a slight 
movement  of  the  valve,  even  if  the  eccentric  is  correctly  set,  when  the 
engine  is  on-  dead  center  and  the  reverse  lever  is  worked  back  and 
forth.  A point  can  be  found  for  the  eccentric,  however,  where  the 
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movement  will  be  the  least,  and  this  is  its  correct  position.  If  the 
pivot  on  which  the  guide  block  rotates  (see  Figure  49)  is  exactly  in 
line  with  the  center  of  the  pivot  by  which  the  block  is  attached  to  the 
eccentric  strap,  then  when  the  engine  is  on  dead  center,  reversing 
the  engine  will  have  no  effect  upon  the  valve,  unless  the  engine  is 
moved  off  from  center. 

The  Woolf  valve  and  all  valves  of  its  class  provide  for  a constant 
lead  for  all  positions  of  cut-off,  on  either  the  forward  or  backward 
movement,  and  provides  for  a much  quicker  opening  of  the  port 


Figure  49. 

than  a valve  moved  simply  by  means  of  an  eccentric,  such  as,  for 
example,  a plain  slide  valve  or  a link  reverse  engine.  It  has  been,  i 
and  is  yet,  used  widely  on  traction  engines  on  account  of  its  sim- 
plicity and  the  fact  that  there  is  only  one  eccentric  to  set  in  case 
of  trouble,  and  because  it  is  easy  to  put  in  correct  adjustment  in 
case  it  gets  out  of  order. 

It  is  not,  however,  a perfect  valve  gear,  although  when  correctly 
designed  it  gives  good  distribution  of  the  steam  and  provides  for  as 
many  points  of  cut-off  as  there  are  notches  in  the  reverse  quadrant. 

It  is  very  susceptible  to  lost  motion  in  any  of  its  connections,  a small 
amount  being  sufficient  to  account  for  a poor  distribution  of  the 
steam.  In  this  respect  it  is  more  sensitive  than  the  link  or  a slotted 
eccentric  valve  gear. 

Owing  to  certain  peculiarities  in  construction,  the  Woolf  valve 
gear  can  not  be  made  to  work  exactly  the  same  on  both  motions  of  the 
engine,  although  when  special  care  is  taken  in  the  design,  the  differ- 
ence can  be  reduced  to  a small  amount.  It  will  generally  be  found, 
however,  on  examining  valves  of  this  kind,  that  they  have  a longer 
travel  when  the  engine  is  running  in  one  direction  than  when  the 


Directions  for  Valve  Setting. 


73 


engine  is  reversed.  This  difference  may  be  reduced  by  making  the 
reverse  rod  of  such  length  that  the  guide  for  the  block  stands  at  a 
steeper  angle  on  one  motion  of  the  engine  than  on  the  other. 

After  an  engine  has  been  used  for  two  or  three  years,  the  main 
bearing  is  apt  to  be  worn  down  so  that  the  shaft  is  slightly  lower  than 
when  it  was  first  put  in  place.  This  brings  the  center  of  the  block 
slightly  lower  than  the  center  of  the  guide  and  affects  the  steam  dis- 
tribution adversely.  When  this  trouble  arises  the  engine  should  be 
re-aligned,  and  the  main  shaft  raised  to  correct  height,  and  new 
boxes  poured. 

In  the  case  of  Woolf  compound  engines  fitted  with  a single  valve, 
all  that  need  be  considered  in  setting  the  valve  is  the  large  central 
part  which  admits  steam  to  the  low  pressure  cylinder.  If  this  is 
given  the  correct  lead  the  high  pressure  valve  must  be  set  right,  if  it 
is  designed  correctly,  because  both  the  low  pressure  and  high  pressure 
valves  are  cast  together. 


Figure  50. 


It  may  be  mentioned  in  passing  that  the  term  “Woolf  compound 
engine”  does  not  necessarily  imply  that  the  engine  is  fitted  with  a 
Woolf  reversing  gear.  A Woolf  engine  is  one  having  two  cylinders 
with  a common  cylinder  head  between  them.  Such  an  engine  may 
or  may  not  have  a Woolf  valve  and  reversing  gear. 

The  eccentric  rods  of  a link  reverse  engine  are  frequently  spoken 
of  as  being  either  open  or  crossed . Since  the  rods  are  always  crossed 
either  on  one  dead  center  or  the  other,  the  term  needs  to  be  defined. 
By  common  consent  among  engineers  the  rods  are  said  to  be  crossed 
if  they  cross  each  other  when  the  engine  is  on  dead  center,  and  both 
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eccentrics  are  pointing*  toward  the  link.  If  the  rods  are  parallel  when 
the  eccentrics  point  toward  the  link  the  rods  are  said  to  be  open. 
The  two  conditions  are  clearly  represented  in  Figure  50,  the  upper 
diagram  showing  open  rods  and  the  lower  crossed  rods. 

Traction  engines  having  a link  reversing  gear  have  the  rods  set 
crossed  usually,  but  they  may  be  set  with  the  rods  open  if  desired. 
“Hooking  up,”  that  is,  moving  the  reverse  lever  nearer  to  the  center 
notch,  increases  the  lead  if  open  rods  are  used  and  decreases  the  lead 
when  crossed  rods  are  employed.  Consequently,  putting  the  reverse 
lever  in  the  middle  notch  will  stop  an  engine  having  crossed  rods,  but 
if  open  rods  are  used  the  engine  will  not  stop,  ordinarily,  when 
running  light,  because  the  valve  opens  the  ports  a considerable  amount 
at  the  end  of  the  stroke,  thus  admitting  a considerable  quantity  of 
steam  which  expands  behind  the  piston  and  pushes  it  forward. 

Directions  for  Setting  the  Link  Valve. — Two  accidents  are  liable 
to  happen  in  the  field,  either  the  valve  may  slip  on  its  stem  or  one  or 
both  of  the  eccentrics  may  slip  on  the  shaft.  To  determine  just 
what  is  the  matter,  first  put  the  engine  on  dead  center,  according  to 
the  directions  already  given  and  note  if  the  eccentrics  appear  to  be 
placed  as  they  appear  in  Figure  50.  If  they  are  so  placed  they  are 
probably  all  right.  The  next  thing  to  do  is  to  remove  the  steam  chest 
cover  and  observe  the  position  of  the  valve.  If  it  has  slipped,  the 
fact  can  generally  be  determined  by  the  old  grease  marks  on  the 
valve  stem.  All  that  is  necessary  to  do  in  this  case  is  to  throw  the 
reverse  lever  over  to  one  end  of  the  quadrant  and  shift  the  valve 
until  it  shows  the  proper  lead  on  the  side  nearest  to  the  piston.  If 
it  is  impossible  to  tell  by  the  grease  marks  if  the  valve  has  slipped, 
look  to  the  lead,  then  put  the  engine  on  the  other  center,  leaving 
the  reverse  lever  in  the  last  notch  of  the  quadrant  in  both  cases, 
and  see  if  the  lead  is  the  same;  if  not,  the  valve  has  slipped  and  it 
should  be  moved  on  its  stem  an  amount  equal  to  half  of  the  error. 

To  test  if  the  eccentrics  have  slipped,  throw  the  reverse  lever  over 
to  one  end  of  the  quadrant  and  then  put  the  engine  on  dead  center. 
How  observe  the  lead  and  then  put  the  engine  on  the  other  center. 
If  the  lead  is  the  same,  but  either  too  much  or  too  little,  it  shows  that 
the  eccentric  in  line  with  the  valve  stem  has  slipped.  It  should  be 
moved  in  the  right  direction  to  make  the  lead  right  and  the  set  screw 
set  down  to  hold  it  in  place.  When  the  first  eccentric  is  set  in  this 
way  reverse  the  engine  and  repeat  the  operation  for  the  other  ec- 
centric. 

In  case  one  of  the  eccentrics  becomes  broken,  or  something  happens, 
making  it  necessary  to  put  in  new  rods,  the  operation  is  a little  more 
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lifficult  because  the  rods  must  be  adjusted  to  the  right  length.  This 
>peration  may  be  performed  as  follows : 

Throw  the  reverse  lever  over  to  one  end  of  the  quadrant  so  that  the 
/alve  will  have  full  travel,  then  connect  up  both  eccentric  rods  making 
them  as  nearly  equal  in  length  as  possible  by  eye.  Now  put  the  en- 
gine on  the  crank  end  dead  center,  and  rotate  the  eccentrics  into  the 
proper  position  as  near  as  can  be  judged,  with  the  rods  crossed.  Now 
rotate  the  eccentric  which  is  in  line  with  the  valve  stem  clear  around 
the  shaft  and  see  if  the  valve  uncovers  one  port  as  much  as  it  does 
the  other;  if  it  does  not  do  so,  change  the  length  of  the  eccentric  rod 
until  it  does.  Leave  the  eccentric  in  its  correct  position,  that  is,  just 
showing  a little  lead  for  the  valve  and  set  it  in  place  with  the  set 
screw.  Reverse  the  engine  and  rotate  the  other  eccentric  around  the 
shaft  in  the  same  way  as  the  first,  observing  the  travel  of  the  valve 
and  adjusting  the  length  of  the  rod  until  it  gives  an  equal  movement 
to  the  valve  either  way  by  the  ports.  When  the  correct  length  is  found 
for  this  rod  rotate  the  eccentric  to  its  proper  position  where  the  valve 
just  shows  the  proper  lead  and  set  the  set  screw  in  the  hub  of  the  ec- 
centric. If  the  second  rod  has  been  changed  very  much  it  will  affect 
the  first  one  and  make  it  necessary  to  repeat  the  operation  for  the 
first  eccentric.  If  this  is  done,  and  great  care  has  been  used  in  meas- 
uring the  travel  of  the  valve,  the  operation  will  be  completed.  In 
order  to  test  the  work,  however,  the  engine  should  be  placed  on  the 
opposite  dead  center  and  the  lead  observed  when  the  reverse  lever 
is  first  in  one  end  of  the  quadrant  and  then  in  the  other.  If  the  lead 
is  not  right  at  this  center  correct  one-quarter  of  the  error  by  moving 
the  valve  on  its  stem  and  the  other  quarter  by  moving  the  eccentric. 
Do  this  with  the  reverse  lever  first  in  one  end  of  the  quadrant  and 
then  in  the  other,  after  which  set  the  set  screws  in  the  hubs  of  the 
eccentrics  down  solid,  and  put  on  the  steam  chest  cover,  being  careful 
to  draw  all  the  nuts  down  evenly.  Then  after  steam  has  been  ad- 
mitted to  the  steam  chest  go  over  all  the  nuts  again,  as  the  expansion 
of  the  bolts,  when  heated  by  the  steam,  will  be  sufficient  to  loosen  the 
nuts. 

In  many  link  reverse  engines  the  eccentrics  are  riveted  in  place 
and  of  course  can  not  be  changed  in  length  very  much.  In  case  it 
should  be  necessary  to  make  a slight  adjustment  at  this  point,  the 
rivet  holes  may  be  filed  out  a little  on  one  side. 

If  a new  reversing  rod  has  to  be  inserted,  care  must  be  taken  to 
adjust  its  length  so  that  when  the  engine  is  on  dead  center  and  the 
reverse  lever  is  in  the  middle  notch  the  block  will  be  exactly  in  the 
middle  of  the  link. 
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The  link  valve  is  generally  set  for  equal  lead,  but  when  so  set  it 
will  not  have  equal  cut-off,  owing  to  the  angularity  of  the  connecting 
rod.  But  when  properly  designed  the  difference  in  cut-off  may  be 
made  quite  small  and  so  not  affect  the  distribution  of  the  steam  very 
much.  The  lead  is  different  at  every  different  point  of  cut-off,  either 
increasing  or  decreasing,  depending  upon  whether  the  rods  are  open 
or  crossed.  In  general,  it  is  better  to  set  the  valve  for  the  correct 
lead  when  the  reverse  lever  is  hooked  up  in  the  first  notch  from  the 
“corner,”  as  this  is  its  position  when  running,  unless  the  work  is 
either  very  heavy  or  very  light. 

Directions  for  Setting  the  Shifting  Eccentric  Gear . — In  gears  of 
this  class  the  eccentric  slides  across  the  shaft  either  in  a straight  line 
or  else  along  a circular  arc.  When  hooked  up  the  center  of  the  ec- 
centric approaches  the  center  of  the  shaft,  the  effect  being  to  shorten 
the  travel  of  the  valve,  and  increase  the  angle  of  advance  so  that  the 
cut-off  occurs  earlier  in  the  stroke.  These  gears  may  be  hooked  up 
as  much  as  desired. 

In  order  to  set  the  valve,  first  take  up  all  lost  motion  in  the  en- 
gine parts  just  as  in  setting  any  other  valve  gear  and  place  the  en- 
gine on  dead  center.  Now  move  the  hub  which  carries  the  guides 
on  which  the  eccentrics  slide  around  the  shaft  until  a position  is 
found  for  it  where  reversing  the  engine  will  not  move  the  valve. 
When  this  point  is  found  screw  the  set  screws  in  the  hub  down  solid 
and  then  shift  the  valve  on  its  stem  until  it  has  the  right  lead.  Verify 
the  work  by  turning  the  engine  over  on  the  other  center  and  observing 
the  lead.  If  it  is  not  the  same,  correct  by  moving  the  valve  on  its 
stem  a distance  equal  to  half  of  the  error. 

Directions  for  Setting  the 
Marsh  Valve  Gear. — The  setting 
of  the  Marsh  valve  gear  is  gen- 
erally considered  a difficult  | 
operation,  probably  because  the 
3 valve  stem  is  attached  to  a 
small  crank  instead  of  to j 
an  eccentric  and  because  this 
crank  revolves  in  the  opposite 
direction  to  the  main  shaft.  As 
a matter  of  fact,  it  is  not  a dif- 
ficult operation  or  one  that  dif- 
fers greatly  from  the  setting  of 
a plain  slide  valve,  as  will  be  seen  from  the  following  discussion. 

The  first  thing  to  do  is  to  put  the  engine  on  dead  center  with  the 
crank  pin  nearest  the  cylinder. 
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Second,  the  set  screws  located  in  the  bottom  and  top  of  the  stop 
ate  or  casting  in  front  of  the  crank  shaft  should  each  be  set  out 
jout  three-quarters  of  an  inch.  The  exact  distance  is  not  imp'or- 
nt,  as  this  is  only  the  first  trial  and  is  probably  not  their  final 
>sition. 

Third,  move  the  reverse  lever  either  forward  or  back,  it  makes  no 
fference  which,  until  the  gear  box  strikes  the  screw  in  the  stop  plate. 
Fourth,  make  a prick  punch  mark  on  the  engine  frame,  steam 
lest  or  stuffing  box  at  some  convenient  place  as  at  C,  in  Figure  51. 
rith  one  leg  of  a pair  of  dividers  in  this  point  make  a mark  with 
e other  on  the  valve  stem,  as  at  A. 
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Figure  52. 

Fifth,  now  throw  the  reverse  lever  to  the  opposite  end  of  the  quad- 
bit and  with  the  dividers  still  set  as  before  observe  if  the  point  A 
omes  back  to  its  original  position.  If,  as  is  often  the  case,  the 
oint  of  the  dividers  falls  at  B,  it  shows  that  the  main  gear  G on 
ie  crank  shaft,  (Figure  52)  must  be  moved  a slight  amount. 

Sixth,  after  gear  G has  been  moved,  repeat  operation  five,  and  if 
ecessary  make  several  trials  until  a position  is  found  for  G such 
nat  the  point  of  the  dividers  will  fall  at  the  same  place  no  matter 
diether  the  reverse  lever  is  forward  or  back  as  far  as  it  will  go. 
Vken  this  gear  is  correctly  located,  fasten  it  securely  to  the  shaft 
nth  the  set  screw. 

Seventh,  move  the  valve  on  its  stem  until  it  shows  about  one- 
birty-second  of  an  inch  lead  at  the  head  end  steam  port. 
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Eighth,  place  the  engine  on  the  other  dead  center  and  see  if  the 
valve  has  the  same  lead. 

Ninth,  adjust  the  screws  in  the  nearest  stop  plate,  if  the  valvei 
has  not  the  same  lead  as  before,  until  the  lead  is  right,  then  reverse 
the  engine  and,  if  necessary,  adjust  the  other  stop  screw  until  the 
correct  lead  is  obtained.  The  valve  should  now  be  set  correctly,  but 
in  order  to  be  sure  of  results,  the  engine  may  be  again  placed  on 
the  head  end  center  and  the  lead  verified. 

It  is  better  to  set  the  valve  when  the  engine  is  steamed  up  rather 
than  when  cold,  on  account  of  the  expansion  of  the  metal  when  it  is 
heated,  no  matter  what  type  of  valve  gear  is  being  adjusted.  With 
this  valve  gear,  as  with  all  others,  be  careful  to  go  over  all  the  parts 
and  see  that  all  bolts,  set  screws  and  jamb  nuts  are  properly  tight- 
ened and  adjusted  before  turning  on  steam,  otherwise  some  part  may 
slip  and  the  whole  operation  will  have  to  be  repeated. 

Valves. — There  are  several  styles  or  types  of  valves  used  to  admil 
steam  to  the  cylinders  of  traction  engines  which  for  purposes  oi 
study  may  be  classified  somewhat  as  follows : Direct  acting  valves 
and  indirect  valves ; balanced  valves  and  unbalanced  valves ; plair 
slide  valves  and  piston  valves;  multiple  ported  valves  and  poppei 
valves.  It  is  not  to  be  understood  that  the  four  classes  of  valves 
mentioned  above  are  entirely  distinct  and  separate  from  each  other 
because  such  is  not  the  case.  As  a matter  of  fact,  the  classes  over- 
lap, as  will  presently  be  shown;  howTever,  by  dividing  valves  in  this 
way,  it  is  much  easier  to  describe  them  and  easier  for  the  reader  tc 
get  an  idea  of  the  different  kinds. 

A direct  acting  valve  may  be  defined  as  a valve  that  moves  in  the 
same  direction  as  the  piston  at  the  beginning  of  the  stroke  in  ordei 
to  admit  steam  into  the  cylinder.  An  indirect  valve , on  the  other 
hand,  moves  in  the  opposite  direction  to  the  piston  at  the  beginning 
of  the  stroke  to  admit  steam  to  the  cylinder. 

While  it  is  true  that  most  traction  engine  valves  are  direct  ach 
ing,  there  are  a few  that  are  indirect.  With  an  indirect  valve  th< 
eccentric  must  be  set  directly  opposite  to  the  way  it  would  be  set  fo:^ 
a direct  acting  valve,  or,  in  the  case  of  a plain  slide  valve  engine! 
90  degrees  minus  the  angle  of  advance  behind  the  crank  instead  o: 
90  degrees  plus  the  angle  of  advance  ahead  of  the  crank,  as  is  th< 
case  with  a direct  acting  valve.  Indirect  valves  are  sometimes  mad< 
in  the  form  of  piston  valves  and  sometimes  on  the  plan  of  plaiilj! 
slide  valves.  They  may  be  either  balanced  or  not  balanced. 

Balanced  valves  are  so  arranged  that  the  steam  in  the  steam  ches 
can  not  press  upon  the  back  of  the  valve.  In  order  to  accomplisl 
this  result  the  steam  must  be  shut  off  from  the  back  of  the  valve  b; 
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ne  sort  of  casing  or  by  a plate  or  ring  that  fits  closely  between  the 
Ive  and  the  steam  chest  cover.  This  plate  or  ring,  however,  must 
it  on  springs,  so  that  in  case  water  collects  in  the  cylinder  the 
Ive  will,  under  the  heavy  pressure,  lift  slightly  from  its  seat  and 
ord  relief.  If  the  valve  is  not  balanced  it  is  held  to  its  seat  with 
3 full  pressure  of  the  steam  in  the  steam  chest  acting  upon  the 
tole  area  of  the  valve.  For  example,  suppose  the  valve  is  six  inches 
de  and  eight  inches  long  and  the  steam  in  the  steam  chest  is 
der  a pressure  of  one  hundred  pounds  per  square  inch.  Since 
3 area  of  the  valve  is  forty-eight  square  inches,  the  total  pres- 
re  holding  it  to  its  seat  is  48X100  or  4,800  pounds.  With  a pres- 
re  as  heavy  as  this,  the  valve  will  consequently  be  hard  to  move 
matter  how  well  it  is  lubricated,  and  whatever  work  is  needed 
move  the  valve  back  and  forth  on  its  seat  is  just  so  much  work 
it  in  friction.  Under  these  conditions  the  valve  is  much  more  apt 
become  cut  or  scored  because  such  heavy  pressure  squeezes  the 
. out  and,  moreover,  the  eccentric  is  more  apt  to  heat  on  account 
having  to  pull  such  a heavy  load.  Altogether  it  is  much  better 
have  the  valve  balanced.  While  the  actual  gain  in  power  in  the 
3e  of  a well  built  engine  can  not  be  very  greatly  increased,  the  ease 
working  and  the  work  done  by  the  eccentric  and  its  consequent 
idency  to  heat  will  be  greatly  reduced. 

A plain  D slide  valve  is  the  commonest  type  of  steam  valve  used 
d has  been  previously  described  in  this  book.  It  is  direct  acting 
d may  be  either  balanced  or  not  balanced.  A piston  valve  is  just 
:e  a plain  D valve  rolled  up  into  the  form  of  a cylinder.  Piston 
Ives  are  always  balanced  valves,  inasmuch  as  the  steam  pressure 
Is  equally  upon  the  valve  in 
1 directions.  When  steam  is 
Imitted  to  the  cylinder  past  the 
ids  of  the  valve  it  is  direct  act- 
l g,  but  when  live  steam  flows 
.to  the  cylinder  from  the  middle 
>rtion  it  becomes  an  indirect 
Ive.  Piston  valves,  when  in  good  condition,  are  very  excellent 
Ives,  but  when  old  and  worn  they  leak  steam  badly  and  become 
isteful. 

Multiple  ported  valves  are  those  valves  which  admit  steam  to  the 
Under  through  two  or  more  steam  passages.  Figure  53  illustrates 
cross  section  of  a valve  of  this  type  known  as  the  Giddings  valve, 
earn  reaches  the  inside  of  the  valve  through  the  main  port  8, 
id  from  this  point  travels  through  ports  a and  b in  the  in- 
rior  of  the  valve  to  the  left  hand  steam  port.  The  exhaust  passes 
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into  the  cavity  P,  as  indicated  by  the  arrow  on  the . right,  and  is 
conducted  away  by  the  exhaust  pipe — not  shown  in  the  figure.  The 
advantage  gained  by  using  a valve  of  this  kind  is  that  a small 
movement  of  the  valve  provides  a large  port  opening.  In  the  case 
of  the  Giddings  valve  one-sixteenth  of  an  inch  of  movement  opens 
the  port  one-eighth  of  an  inch.  This  is  an  advantage  because  it 
amounts  to  the  same  thing  as  a quick  acting  valve  which  opens  the 
port  quickly  and  closes  promptly. 

Poppet  valves  lift  straight  up  from  their  seats  and  depend  upon 
some  sort  of  a cam  arrangement  to  lift  them  and  a heavy  spring 
to  seat  them.  They  have  been  used  to  a very  limited  extent  on 
traction  engines,  but  find  their  widest  application  in  very  slow 
moving  steam  pumps  and  in  gasoline  engines. 
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CHAPTER  VIII. 


GOVERNORS 

Regulation  of  the  Speed  of  the  Engine.— The  governor  and  the  fly 
riieel  together  regulate  the  speed  of  an  engine.  Variations  in  speed 
vhich  extend  over  a considerable  number  of  revolutions  due  either 
o a change  in  the  load  or  to  the  steam  pressure  are  taken  care  of 
>y  the  governor.  Variations  that  occur  during  the  period  of  one  or 
wo  revolutions  of  the  engine  are  taken  care  of  by  the  fly  wheel. 

The  object  of  the  governor  is  to  keep  the  speed  of  the  engine  as 
learly  constant  as  possible  independent  of  variations  in  the  steam 
>ressure  or  of  the  load.  No  governor  so  far  made  can  keep  the  speed 
exactly  uniform  because  they  are  themselves  driven  by  the  engine 
md  the  engine  must  change  its  speed  first  before  the  governor  can 
ict.  In  the  best  stationary  engines  the  variation  in  the  speed  of 
he  engine  does  not  exceed  two  per  cent.  In  traction  engines  the 
variation  is  somewhat  greater,  although  even  they  are  governed 
/cry  closely,  for  a good  governor  acts  almost  instantly  and  prevents 
my  thing  beyond  a small  variation  in  the  speed. 

All  governors  regulate  the  speed  of  the  engine  by  proportioning 
he  total  pressure  which  drives  the  piston  throughout  the  stroke  to 
he  work  it  has  to  do.  This  is  accomplished  in  one  of  two  ways : 

1.  By  throttling;  that  is,  changing  the  pressure  of  the  steam  be- 
fore it  reaches  the  cylinder,  the  cut-off  remaining  at  a constant 
fixed  point. 

2.  By  varying  the  point  of  cut-off  in  the  cylinder,  the  pressure 
remaining  constant  up  to  the  point  of  cut-off. 

These  two  principles  of  governing  give  rise  to  two  distinct  types 
Df  governors  known  as  thvottling  govevnovs  and  variable  expansion 
governors. 

The  throttling  governor  is  placed  on  the  main  steam  pipe  near 
the  steam  chest  and  regulates  the  steam  pressure  in  the  steam  chest 
by  making  the  opening  through  which  the  steam  must  pass  either 
large  or  small,  depending  upon  the  load  the  engine  is  pulling.  If 
the  load  is  heavy  the  opening  is  large  and  steam  flows  into  the  steam 
chest  at  practically  boiler  pressure,  but  if  the  load  is  light  the  open- 
ing is  reduced  until  only  a small  quantity  of  steam  can  pass  into 
the  steam  chest  and  consequently  what  does  get  in  expands  to  fill 
the  space  and  its  pressure  falls.  In  the  case  of  a very  light  load  this 
pressure  may  be  only  a small  fraction  of  the  boiler  pressure.  In  this 
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way  the  governor  regulates  the  total  average  force  acting  upon  the 
piston  without  affecting  the  point  of  cut-off.  All  traction  engines  ■ 
so  far  made  are  equipped  with  throttle  governors. 

The  variable  expansion  governor  acts  either  upon  the  eccentric  or 
upon  the  valve  and  causes  cut-off  to  occur  earlier  or  later,  depending 
upon  whether  the  load  is  light  or  heavy.  It  does  not  affect  the  | 
pressure  of  the  steam  admitted  to  the  cylinder.  The  initial  steam 
pressure  is  therefore  constant  and  practically  the  same  as  boiler 
pressure. 

After  cut-off  the  pressure  of  the  steam  falls  rapidly  and  conse-  ; 
quently  the  average  pressure  throughout  the  stroke  may  be  regu-  j 

lated  by  the  point  of  cut-off,  be- 
ing low  if  cut-off  is  early  and 
high  if  it  is  late. 

Variable  expansion  governors 
are  said  to  be  somewhat  more 
economical  in  the  use  of  steam 
than  throttle  governors,  but  they 
are  not  easily  adapted  to  rever-  i 
sible  engines  and  so  up  to  the  j 
present  time  have  been  used  only  f 
on  fairly  large  sized  stationary  j 
engines. 

The  principle  of  action  of  al- 
most all  governors  of  either  type 
depends  upon  the  change  in  cen-  ; 
trifugal  force  when  the  speed  of 
rotation  changes.  If  any  body  : 
be  made  to  rotate  rapidly  about  j 
a center  every  part  of  that  body  has  a tendency  to  get  further  away 
from  the  axis.  The  force  which  causes  this  tendency  is  called  cen- 
trifugal force  and  is  due  to  the  rotation  of  the  body.  The  faster 
the  rotation  the  greater  the  force.  For  example,  with  the  same 
weight  of  rotating  body,  doubling  the  speed  increases  the  centrifugal 
force  fourfold. 

In  order  to  get  a clear  idea  of  the  action  of  a governor,  we  will 
first  consider  the  oldest  and  simplest  form  of  throttle  governor  made,  : 
namely,  the  pendulum  governor,  an  illustration  of  which  appears  in 
Figure  54.  The  construction  of  this  governor  is  very  simple  and 
can  readily  be  understood  from  the  figure.  The  pulley  at  the  bottom,  j 
driven  by  a belt  from  the  engine,  causes  the  spindle  and  balls  to  j 
rotate,  whereupon  the  balls  move  upward  and  outward,  elevating  the  I 
sliding  sleeve  8 and  operating  the  bell  crank  lever  B , which  in  turn 


Governors. 


83 


regulates  the  opening  and  closing  of  the  valve  through  which  steam 
passes  to  the  engine. 

With  a governor  of  this  type,  having  certain  given  dimensions  and 
a certain  weight  for  the  balls,  it  follows  that  a certain  speed  of  rota- 
tion must  be  attained  before  the  centrifugal  force  is  sufficient  to 
overcome  the  weight  of  the  balls  and  cause  the  governor  to  act.  When 
this  speed  is  reached  the  governor  begins  to  act  as  a governor.  If, 
when  the  speed  increases,  the  sleeve  S reaches  the  highest  point  an  I 
in  doing  so  does  not  close  the  valve  which  suppplies  steam  to  the 
engine,  then  the  speed  may  go  on  increasing  indefinitely,  but  the 
governor  is  no  longer  acting  as  a governor.  It  performs  the  func- 
tions of  a governor  only  within  the  range  of  speed  which  belongs  to 
ir  while  moving  from  its  bottom  to  its  top  position.  A simple  pen- 
dulum governor,  like  the  one  illustrated,  will  work  fairly  well  at 
slow  speeds,  but  when  run  at  a high  speed  the  movement  of  the 
sleeve  S is  very  little  for  a wide 
variation  in  speed  and  so  the  move- 
ment of  the  throttle  valve  is  insuf- 
ficient to  control  the  steam  supply. 

Figure  55  shows  a better  form  of 
governor  and  one  adapted  to  fairly 
high  speeds.  The  balls  are  light 
and  the  spindle  is  supplied  with  a 
weight.  This  weight  resists  the 
centrifugal  action  of  the  balls  and 
tends  to  bring  them  back  quickly 
to  their  original  position..  The  ver- 
; tical  distance  traveled  by  the 
weight  and  sleeve  is  just  twice  that  traveled  by  the  balls.  The  balls 
are  made  light  and  revolve  at  a high  rate  of  speed  in  order  to  develop 
enough  centrifugal  force  to  lift  the  weight.  Since  the  range  of 
movement  of  the  sleeve  is  considerable,  being  twice  that  of  the  balls, 
it  makes  this  governor  effective  at  higher  speeds  than  the  pendulum 
governor. 

A governor  is  said  to  be  stable  when  the  balls  always  assume  a 
given  position  with  a certain  speed  of  rotation,  and  unstable  when 
they  assume  any  position  indifferently  throughout  their  range  for  a 
given  speed  of  rotation.  The  condition  for  stability  is  that  the  cen- 
trifugal force  must  increase  more  rapidly  than  the  radius  or  dis- 
tance of  the  balls  from  the  axis.  This  will  be  referred  to  again  in 
discussing  other  forms  of  throttle  governors.  Modern  governors, 
instead  of  having  a dead  weight  for  a load,  are  provided  with  some 
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sort  of  a spring  load  which  performs  the  same  office  in  a better  and 
more  satisfactory  way.  Before  taking  np  this  phase  of  the  subject, 
however,  we  will  proceed  to  discuss  the  governing  effect  of  the  fly 
wheel. 

The  turning  force  at  the  crank  is  not  constant.  At  the  beginning 
of  the  stroke  when  the  engine  is  on  center  it  is  nothing.  From  this 
point  until  the  crank  and  connecting  rod  make  a right  angle  with 
each  other  it  increases,  and  then  decreases  again  to  zero  at  the  other 
dead  center.  When  the  engine  is  pulling  a constant  load  the  force 
exerted  at  the  rim  of  the  band  wheel  is  always  the  same.  We  have 
therefore  an  intermittent  force  acting  upon  a constant  load,  and 
the  requirements  are  that  the  speed  of  rotation  must  be  practically 
uniform  some  device  that  will  store  up  energy  when  the  crank  re- 
provide some  device  that  will  store  up  energy  when  the  crank  re- 
ceives its  greatest  push  and  give  it  up  again  when  the  crank  is  pass- 
ing center.  This  is  the  function  of  the  fly  wheel.  The  heavy  rim 
of  the  fly  wheel  situated  at  a considerable  distance  from  the  center 

of  the  shaft  effectually  resists  the 
sudden  push  of  the  crank  for  an 
instant,  but  in  doing  so  it  ab- 
sorbs the  energy  of  this  push  and 
gives  it  back  to  the  engine  when 
the  crank  passes  center.  If  the 
size  and  weight  of  the  rim  is 
nicely  calculated  there  will  be 
scarcely  any  change  in  speed  dur- 
ing a rotation  of  the  wheel.  On 
the  other  hand,  without  either  a 
fly  wheel  or  a crank  disc,  an  en- 
gine would  not  be  able  to  make  a 
complete  revolution,  but  would 
stop  on  the  first  center.  Gas  en- 
gine fly  wheels  are  made  very 
Figure  56.  heavy  at  the  rim  in  order  to  ab- 

sorb enough  energy  to  carry  them  several  revolutions  at  a uniform 
speed  when  they  receive  no  explosion.  A fly  wheel  does  not  add 
any  to  the  power  of  an  engine  whether  it  be  large  or  small,  it  sim- 
ply tends  towards  more  uniform  motion. 

Modern  Governors. — The  variable  expansion  governor  used  largely 
on  stationary  engines  is  generally,  though  not  always,  placed  on 
the  main  shaft  and  acts  directly  on  the  eccentric.  One  style  shifts 
the  eccentric  straight  across  the  shaft  just  like  the  shifting  eccentric 
reverse  gear,  explained  on  a previous  page,  only  it  does  not  shift  the 
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jcentric  far  enough  to  reverse  the  engine.  The  other  style  of  shaft 
Dvernor  rotates  the  eccentric  around  the  shaft.  Both  styles  of 
wernors  act  just  the  same  as  hooking  up  the  reverse  lever,  thus 
langing  the  point  of  cut-off.  It  can  readily  be  seen  that  a gov- 
rnor  of  this  kind  would  be  hard  to  adapt  to  a traction  engine 
hich  is  already  equipped  with  some  device  to  reverse  the  engine, 
rnie  of  which  change  the  position  of  the  eccentric.  This  leaves 
ie  throttle  governor  as  the  only  available  governor  so  far  for  the 
faction  engine. 

The  style  in  universal  use  is  what  is  known  as  the  spring  loaded 
jrpe.  The  balls  are  made  light  and  the  governor  is  run  at  a high  rate 
f speed,  usually  from  about  400  to  450  revolutions  per  minute.  When 
he  balls  fly  out  under  the  action 


>f  centrifugal  force,  they  are 
>bliged  to  overcome  the  action  of 
i strong  spring  which  tends  to 
lold  them  in  a position  of  rest, 
these  springs  are  so  constructed 
;hat  it  takes  more  centrifugal 
force  to  overcome  their  resistance 
he  farther  the  balls  move  out- 
wards. In  other  words  the  resist- 
ance of  the  springs  increases  fast- 
er than  the  centrifugal  force 
does;  thus  making  them  stable 
governors ; that  is,  governors 
which  always  assume  the  same 
position  for  a given  rate  of  speed. 

The  result  of  this  arrangement 
is  to  prevent  any  sudden  varia- 
tion of  the  pressure  of  the  steam 
in  the  cylinder  and  to  maintain 
the  speed  of  the  engine  practic- 
ally constant. 
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Figure  57. 


Figure  56  is  a sectional  view  of  the  body  of  a well-known  throttle 
;overnor.  The  body  is  made  of  iron  and  the  valve  and  valve  seat 
f brass.  Steam  flows  into  the  bottom  part  of  the  body  both  from 
he  upper  and  the  lower  sides  of  the  valve.  In  this  way  the  valve 
3 balanced,  that  is,  it  receives  as  much  pressure  on  the  top  as  on  the 
>ottom  and  all  the  centrifugal  force  of  the  balls  has  to  overcome  is 
he  weight  of  the  valve  and  the  tension  of  the  springs  which  hold 
hem  back. 

The  method  of  regulating  the  speed  of  the  engine  by  means  of  a 
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governor  is  accomplished  in  a variety  of  ways  depending  upon  the 
style  of  the  governor.  Diagrams  illustrating  these  speed  regulating 
devices  are  shown  in  Figures  57  and  58.  In  Figure  57  the  valve  is 
held  open  when  the  governor  is  at  rest  by  means  of  the  fork  acting 
on  the  collar  at  A.  This  fork  is  actuated  by  means  of  a long  spiral 
spring  whose  tension  can  he  made  greater  or  less  by  means  of  a 
thumb  nut  on  the  end,  thus  putting  either  a light  or  a heavy  load  on 
the  valve  to  hold  it  up  and  open.  The  lower  head  is  stationary  while 
the  upper  one  is  free  to  move  downward.  The  distance  the  valve  is 
raised  from  its  seat  by  the  fork  A is  regulated  by  the  adjusting  nuts. 
If  they  are  screwed  away  down  on  the  valve  stem  the  valve  will  be 
lifted  high  and  it  will  require  a wide  movement  of  the  balls,  and  con- 
sequently a high  speed,  to  bring  the  surface  C , of  the  nut  N,  low 
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device  is  to  either  raise  the  valve  from  its  seat  or  lower  it,  depend- 
ing upon  whether  the  valve  stem  is  shortened  or  lengthened. 

All  of  these  schemes  are  made  use  of  in  the  governors  applied  to 
traction  engines  and  they  are  very  effective  when  it  is  desired  to  run 
the  engine  at  a considerably  different  speed.  They  must,  of  course, 
be  used  in  connection  with  the  speeder  spring  connected  with  the 
fork  A that  puts  a load  on  the  valve.  This  load  must  be  adjusted  to 
correspond  to  the  change  in  speed,  for  if  the  speeder  spring  were 
under  too  great  tension  the  centrifugal  force  developed  by  the  balls 
at  a reduced  speed  might  not  be  sufficient  to  overcome  its  resistance. 
The  speeder  spring  itself,  as  the  name  implies,  can  be  used  to  change 
the  speed  of  the  engine  within  certain  limits  by  making  a greater 
speed  of  the  balls  necessary  in  order  to  develop  enough  centrifugal 
force  to  overcome  its  tension. 

Another  scheme  for  regulating  the  speed  is  shown  in  Figure  58. 
In  this  type  of  governor  the  valve  stem  is  threaded  through  the  sleeve 
B , and  is  provided  with  a thumb  nut  at  the  top  with  which  it  may 
be  raised  or  lowered.  A jamb  nut  below  locks  the  valve  stem  to  the 
sleeve.  A collar  at  A,  fastened  to  the  sleeve,  is  actuated  by  the  balls, 
which,  when  they  move  outward  under  the  action  of  centrifugal 
force,  push  both  the  sleeve  and  valve  stem  down  and  tend  to  seat 
the  valve. 

When  the  adjusting  nut  is  screwed  up,  it  lifts  the  valve  farther 
away  from  its  seat  and  consequently  the  balls  must  move  out  farther 
in  order  to  seat  the  valve.  This  can  only  come  about  by  rotating 
them  at  a higher  rate  of  speed,  but  since  they  receive  their  motion 
from  the  engine,  the  latter  must  also  run  faster  before  the  governor 
will  begin  to  govern.  If  the  adjusting  nut  is  screwed  down,  the  valve  is 
brought  nearer  to  its  seat  and  hence  when  the  balls  begin  to  move  the 
valve  immediately  begins  to  cut  off  the  supply  of  steam  and  reduce 
the  speed  of  the  engine.  If  the  speed  of  the  engine  is  reduced  much 
below  normal  with  this  type  of  governor  the  steam  passages  are  so 
much  restricted  that  the  engine,  while  it  may  govern  very  nicely, 
will  be  supplied  with  steam  at  such  low  pressure  that  it  will  not  have 
very  much  power.  Under  these  conditions,  it  is  better  to  make  the 
change  in  speed  by  changing  either  the  pulley  on  the  governor  or  the 
cne  on  the  engine  shaft  so  that  the  governor  will  run  at  its  normal 
speed. 

Governors  of  this  type  are  not  provided  with  a speeder  spring,  but 
heavy  curved  springs  are  attached  to  the  balls  and  to  the  rotating 
head  C , which  resist  centrifugal  force  and  tend  to  bring  the  balls 
hack  to  a state  of  rest. 
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As  before  stated,  the  speed  of  the  engine  may  be  changed  by 
changing  the  sizes  of  the  pulleys  in  such  a way  that  the  governor 
will  still  rotate  at  its  normal  speed  even  though  the  speed  of  the  en- 
gine be  greatly  changed.  In  many  cases,  and  especially  where  close 
governing  is  required  at  a low  speed  and  the  maximum  power  of  the 
engine  is  required,  this  is  the  best  way. 

The  rules  for  finding  the  diameter  of  pulleys  are  as  follows : 

To  Find  the  Diameter  of  the  Governor  Shaft  Pulley. — Multiply 
the  diameter  in  inches,  of  the  engine  shaft  pulley,  by  the  desired 
number  of  revolutions  of  the  engine  per  minute  and  divide  the 
product  by  the  speed  stamped  upon  the  governor;  the  quotient  will 
be  the  diameter  of  the  governor  pulley  needed. 

To  Find  the  Diameter  of  the  Engine  Shaft  Pulley. — Multiply  the 
number  of  revolutions  stamped  on  the  governor  by  the  diameter  of 
the  governor  pulley  and  divide  the  product  by  the  speed  at  which 
the  engine  is  to  run;  the  quotient  will  be  the  required  diameter  of 
the  engine  shaft  pulley. 

Most  throttle  governors  are  equipped  with  what  is  called  a Saw- 
yer’s lever,  that  is,  a lever  on  the  side  having  a forked  arm  which 
engages  with  a collar  on  the  valve  stem.  Wires  are  run  from  the 
ends  of  this  lever  to  the  engineer’s  platform,  which  enable  the  en- 
gineer to  open  or  close  the  governor  valve  forcibly  regardless  of  how 
the  governor  may  be  adjusted,  and  thus  control  the  speed  of  the 
engine  by  hand. 

A large  number  of  governors  are  also  provided  with  what  is  called 
a safety  stop.  This  is  so  arranged  that  if  the  governor  belt  breaks, 
the  stop  causes  the  governor  valve  to  fall  and  shut  off  steam  from  the 
engine.  In  one  make  of  governor  a heavy  pulley  attached  to  an  arm 
rests  on  top  of  the  governor  belt.  When  the  belt  breaks  this  arm  falls 
and  in  doing  so  engages  the  valve  stem  and  forces  the  valve  to  its 
seat.  Another  arrangement  disengages  the  bevel  driving  gears  and 
allows  the  whole  head  of  the  governor  to  fall  and  shut  off  the  steam. 


CHAPTEK  IX. 


LUBRICANTS  AND  LUBRICATORS 

FRICTION  AND  LUBRICATION. 

Since  the  earliest  times  a great  many  engineers  have  been  seeking 
earnestly  to  discover  some  means  for  eliminating  or  at  least  reducing 
the  friction  in  machinery  to  the  lowest  possible  amount,  while  other 
engineers  have  been  bending  every  energy  to  find  some  means  to 
increase  it  for  certain  purposes.  Thus  it  must  be  evident  that  fric- 
tion has  both  good  qualities  and  bad  ones.  It  is  true  that  friction 
has  been  called  the  highwayman  of  mechanical  energy  and  many 
other  names  equally  as  reprehensible,  and  yet  we  could  scarcely  get 
along  without  it.  But  for  friction,  belt  transmission  of  power  would 
be  impossible,  trains  could  not  run  and  men  could  not  walk.  For 
note  what  happens  when  the  engine  drivers  strike  a greased  rail  or 
a man  tries  to  walk  on  glare  ice.  Then  consider  friction  brakes  and 
friction  clutches  and  the  many  mechanical  devices  that  depend  upon 
friction.  The  engineers  who  deal  in  such  goods  study  to  increase 
friction,  while  those  who  build  machinery  aim  to  eliminate  it  from 
every  joint  and  bearing  surface. 

Both  those  who  aim  to  eliminate,  and  those  who  seek  to  increase 
friction,  have  been  fairly  successful  in  their  efforts.  The  first  by 
nice  workmanship,  by  using  the  proper  metals  at  the  right  points, 
and  by  greater  care  and  skill  in  preparing  lubricants  that  are 
adapted  to  the  work;  the  latter  also,  strange  as  it  may  seem,  by 
more  accurate  workmanship  and  by  the  careful  selection  and  prep- 
aration of  materials.  As  an  illustration  of  the  latter,  it  may  he  men- 
tioned that  a perfectly  smooth,  true  clutch  shoe  acting  on  a smooth, 
though  not  lubricated,  surface  will  grip  better  than  if  both  were 
rough.  A soft,  pliable  belt  will  grip  a smooth  pulley  better  than 
a hard  belt  will  grip  a rough  one,  and  a leather  belt  will  grip  a 
wooden  pulley  better  than  it  will  an  iron  pulley,  and  a rubber  or 
canvas  belt  will  do  better  than  leather. 

This  lesson,  however,  is  not  concerned  so  much  with  friction  and 
how  it  may  be  increased,  as  it  is  with  lubrication  and  the  elimina- 
tion of  friction. 

The  general  effect  of  friction  in  machinery  is  to  cause  heating  ot 
the  adjacent  parts,  a fact  well-known  to  all  practical  engineers.  The 
reason  is  very  evident.  Wherever  there  is  resistance  to  any  force. 
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there  work  must  be  done,  for  work  is  defined  as  the  overcoming  of 
resistance  through  distance.  There  is  an  exact  relation  between 
work  and  heat,  and  it  is  well  known  that  a certain  amount  of  work 
will  produce  a given  quantity  of  heat;  and,  conversely,  a given  quan- 
tity of  heat  is  capable  of  doing  a certain  amount  of  work.  When- 
ever work  is  done  on  a bearing  in  overcoming  friction,  a certain 
amount  of  heat  will  be  developed,  depending  upon  the  work  done.  , 
If  friction  can  be  eliminated  there  will  be  no  heating. 

The  object  of  lubrication  is  not  only  to  reduce  friction,  but  to 
carry  away  whatever  excess  of  heat  may  have  been  generated.  It 
prevents  friction  by  forming  a cushion  between  the  bearing  sur- 
faces, which  keeps  the  metals  'apart,  and  it  dissipates  the  heat  by 
running  off  from  the  bearing,  as  in  the  case  of  a pump  oiling  of 
bearings,  or  else  vaporizes  and  carries  away  heat.  Whenever  steam 
forms  it  absorbs  a great  quantity  of  heat,  a fact  one  can  realize  when 
he  considers  that  the  heat  of  the  fuel  fed  to  a furnace  is  absorbed 
and  passes  away  with  the  steam.  Likewise  with  any  other  liquid 
that  vaporizes,  it  carries  away  a large  quantity  of  heat,  and  it  is  so 
with  the  oil  that  vaporizes  from  a bearing.  Of  course,  the  vapor-  i 
izing  of  the  oil  and  the  carrying  away  of  heat,  is  not  the  primary 
function  of  a lubricant ; it  is  only  incidental,  because  to  vaporize 
it  must  be  heated,  and  this  condition  should  not  arise. 

Good  workmanship  consisting  of  nicely  fitted  parts,  smooth  and 
well  finished,  help  to  eliminate  friction  provided  the  assembling  is 
done  accurately  and  all  parts  are  in  perfect  alignment.  This  latter  j 
consideration,  the  proper  alignment,  is  all  important  for  smooth,  , 
easy  running,  yet  it  is  where  much  trouble  arises,  especially  in  thresh- 
ing machinery.  Not  that  the  manufacturer  does  not  do  his  work  i 
well,  as  a rule,  although  doubtless  there  are  exceptions,  but  the  man  ; 
in  the  field  is  more  often  at  fault  by  allowing  his  machinery  to  get ; 
in  bad  shape. 

The  selection  of  materials  is  another  thing  that  has  helped  on  ; 
toward  the  goal  of  perfection.  Steel  shafting  working  in  brass  or  j 
babbitt  boxes,  runs  with  much  less  friction  than  in  iron  boxes  how-  j 
ever  well  made,  and  here  the  quality  of  the  brass  or  babbitt  becomes  ] 
another  important  factor. 

To  illustrate  the  great  advancement  made  in  reducing  friction  in 
engine  building,  the  following  is  pertinent.  A well-known  authority 
says  the  internal  friction  of  engines  twenty  years  ago  ran  as  high  : 
as  fifteen  or  twenty  per  cent.  On  some  recent  tests  of  traction  en- 1 
gines  at  the  plant  of  one  of  the  great  thresher  houses,  the  internal  I 
friction  ran  as  low  as  three  per  cent  and  as  high  as  eight  under  ad- 
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perse  conditions.  Good  stationary  engines  of  large  size  run  now-a- 
ilays  with  as  low  as  two  per  cent  friction. 

Now  that  we  have  discussed  friction  and  lubrication  in  a gen- 
eral way,  we  will  proceed  to  look  into  the  matter  of  lubricants. 

Lubricants  are  derived  from  three  principal  sources,  namely,  ani- 
mal, vegetable  and  mineral.  Mineral  lubricants  are  of  fairly  recent 
origin,  having  come  into  general  use  within  the  last  thirty  years. 
It  may  be  interesting  to  know  in  this  connection  that  the  develop- 
ment of  very  high  pressure  of  steam  engines  and  of  the  gas  engine 
was  only  made  possible  since  petroleum  oils  and  their  compounds 
were  discovered,  but  more  of  this  later  on. 

The  animal  oils  include  the  oils  of  animals  and  fishes.  The  most 
important  are  lard  oil,  tallow  and  neat’s-foot  oil.  The  various  fish 
oils  such  as  whale  oil,  sperm  oil,  black  fish  oil  and  porpoise  oil  while 
valuable  are  of  secondary  importance. 

Lard  is  the  best  all  around  animal  lubricant  and  is  well  adapted 
to  medium  and  light  machinery.  It  is  the  best  oil  known  for  use  on 
dies  for  cutting  bolt  threads  or  pipe  threads  and  is  also  used  on  lathe 
tools  where  a very  fine,  smooth  cut  is  desired. 

Before  petroleum  oils  were  developed  tallow  was  used  as  the  prin- 
cipal steam  cylinder  oil.  It  worked  quite  successfully,  too,  for  the 
pressures  then  in  vogue  but  it  would  not  be  suitable  for  the  high 
pressures  used  today  because  it  would  decompose  with  the  heat.  It 
contains  a certain  amount  of  free  acid  too  that  is  objectionable  in 
that  it  attacks  the  metal  that  it  comes  in  contact  with.  Most  oils 
contain  some  acid  and  leading  authorities  on  the  subject  say  that 
three  per  cent  or  more  present  in  an  oil  should  condemn  it  for 
lubricating  purposes. 

Neat’s-foot  oil  is  derived  from  the  hoofs  and  bones  of  cattle.  It  is 
a fairly  good  lubricant  for  machinery  but  its  principal  use  is  as  a 
belt  dressing  for  leather  belts  and  for  harnesses.  Only  a little  should 
be  applied  to  the  leather,  just  what  can  be  absorbed.  It  acts  as  a 
softener  and  as  a preservative.  If  separator  belts  were  cleaned  and 
given  a dressing  with  neat’s-foot  oil  at  the  close  of  each  season’s 
run  before  being  put  away  they  would  last  a good  deal  longer. 

Black  fish  oil  has  been  used  quite  largely  for  guns  and  sewing 
machines  but  in  recent  years  it  has  been  largely  displaced  by  the 
cheaper  paraffine  oils  derived  from  petroleum. 

Sperm  oil  is  very  expensive  and  is  used  very  little  except  possibly 
for  watches  and  similar  delicate  mechanism. 

Vegetable  oils  are  expressed  from  the  seeds  and  fruits  of  plants. 
Those  most  largely  manufactured  are  cotton  seed  oil,  olive  oil,  linseed 
oil  and  rape  seed  oil. 
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Olive  oil  is  probably  the  best  of  the  vegetable  oils  for  machinery 
but  it  is  too  expensive  for  general  use. 

Linseed  oil  which  is  made  from  flax  seed  is  absolutely  worthless 
as  a lubricant  because  it  very  quickly  becomes  hard  and  gummy. 
This  property  which  unfits  it  for  use  as  a lubricant,  however,  is  the 
very  thing  which  gives  it  especial  value  in  mixing  paints.  It  dries 
readily  and  in  doing  so  forms  a thin  rubber-like  coat  over  the  painted 
surface. 

Rape  seed  oil  is  made  on  the  continent  of  Europe  and  is  said  to  be 
used  in  preparing  the  better  grades  of  hard  oils. 

The  mineral  oils  are  all  made  from  petroleum  or  from  rock  rich 
in  petroleum  products.  After  the  lighter  oils  have  been  distilled 
off  the  residue  is  raised  to  a higher  temperature  and  the  different 
grades  of  lubricating  oils  are  obtained.  These  oils  vary  from  the  light 
paraffine  oils  to  the  heavier  grades  of  engine  oils. 

In  addition  to  the  oils  above  mentioned  we  have  the  following  dry 
or  solid  lubricants,  namely,  graphite,  mica,  sulphur  and  soapstone. 
Of  these  four,  graphite  is  the  most  widely  known  and  is  the  best. 
It  is  excellent  to  use  on  a roughened  bearing  when  mixed  with  grease. 
It  is  also  excellent  for  a hot  bearing  when  used  in  the  same  way. 
Mica  is  also  sometimes  used  mixed  with  grease,  but  it  is  not  as  good 
as  graphite.  While  these  solid  lubricants  are  good  to  smooth  the  in- 
equalities in  a bearing  and  for  use  on  packing,  they  do  not  take  the 
place  of  oil  or  grease.  In  all  cases  they  should  be  used  sparingly. 

In  addition  to  the  lubricants  noted  above  there  is  another  large 
class  which  comes  under  the  h^ad  of  greases  or  hard  oils.  These 
have  as  a base  either  animal,  vegetable  or  mineral  oils.  The  best 
grade  of  hard  oil  is  made  chemically  by  boiling  either  animal  or 
vegetable  oils  in  lime  water  thus  making  a sort  of  insoluble  soap. 
Soap  is  made  in  the  same  way  by  using  caustic  potash  instead  of 
lime.  Mineral  hard  oil  has  a paraffine  base  and  is  not  quite  as  good 
a lubricant  as  the  hard  oils  made  from  animal  or  vegetable  oils. 
However,  it  is  much  cheaper  and  for  many  classes  of  work  it  is 
quite  satisfactory  notwithstanding  the  fact  that  it  requires  a larger 
quantity  than  the  former  for  the  same  class  of  bearings.  In  general 
it  may  be  said  that  greases  are  not  as  good  lubricants  as  liquid  oils, 
a fact  which  has  been  proven  by  many  careful  scientific  tests.  Its 
ease  of  application,  however,  and  its  cleanliness  more  than  com- 
pensate for  the  slight  difference  in  lubricating  qualities,  especially 
for  such  places  as  the  crank  pin,  cross  head  pin  and  other  moving 
parts  of  machinery.  The  various  axle  greases  also  come  under  the 
head  of  hard  oils  and  are  valuable  for  the  purpose  for  which  they 
are  intended. 
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The  value  of  a lubricant  is  said  to  be  largely  dependent  upon  the 
number  of  greasy  particles  it  contains  and  upon  its  viscosity.  A 
viscous  oil  is  one  that  is  syrupy  in  consistency.  Thick,  heavy  oils 
are  generally  the  most  viscous  but  this  is  not  always  true  because 
sometimes  oils  are  adulterated  to  improve  their  viscosity.  An  oil 
treated  in  this  way  is  of  course  a very  inferior  lubricant.  An  anal- 
ysis of  some  of  these  oils  show  that  they  con- 
tain a considerable  amount  of  gelatine,  a 
substance  having  absolutely  no  lubricating 
value. 

A good  oil  should,  as  previously  stated, 
contain  not  to  exceed  three  per  cent  of  free 
acid,  in  fact,  a perfectly  neutral  oil,  one 
containing  no  acid  at  all,  is  the  best.  An 
oil  should  not  dry  out  and  become  gummy. 

It  should  not  contain  any  grit  or  dirt  or  any 
other  foreign  substance,  neither  should  it 
become  rancid  nor  bad  smelling  when  ex- 
posed to  the  air  for  a considerable  length  of 
time.  In  addition  to  all  this,  the  oil  should 
be  adapted  to  the  work  in  hand.  A heavy  oil 
for  a large  heavy  bearing  and  a light  thin 
oil  for  light  machinery,  is  the  general  rule. 

Guns,  cream  separators  and  sewing  machines 
require  a light  oil  which  would  be  totally 
unsuited  for  the  bearings  around  a grain 
separator  or  the  main  bearings  of  an  engine. 

Cylinder  oils  are  in  a class  by  themselves. 
Here  we  must  have  an  oil  that  has  consider- 
able body  and  which  will  stand  a high  de- 
gree of  temperature  without  decomposing  or 
breaking  up.  In  other  words  it  must  have  a 
high  flash  point.  The  flash  point  of  an  oil 
is  the  temperature  at  which  a vapor  is  given 
off  that  will  take  fire. 

The  usual  method  of  making  a flash  test 
is  to  put  some  of  the  oil  in  an  iron  cup,  then 
place  this  in  a tin  dish  with  dry  sand  in  the 
bottom  and  place  over  a fire.  A thermom- 
eter that  will  read  to  500  or  600  degrees 
Fahrenheit  should  be  placed  in  the  oil  and 
after  the  temperature  reaches  say  300  de- 
grees, pass  a lighted  match  over  the  top  of 
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the  cup  every  time  the  temperature  goes  up  ten  or  fifteen  degrees. 
When  the  vapor  takes  fire  the  thermometer  shows  the  flash  point  of 
the  oil. 

Steam  at  one  hundred  pounds  gauge  pressure  has  a temperature 
of  337  degrees  and  at  one  hundred  fifty  pounds  the  temperature  is 
361  degrees.  Consequently  the  oil  used  for  cylinder  lubricating  pur- 
poses should  have  a flash  point  considerably  higher  than  these  tem- 
peratures. For  ordinary  steam  engine  practice  a flash  point  of  400 
degrees  is  considered  about  right.  For  gas  engine  practice  where 
the  cylinder  temperatures  are  very  much  higher,  a still  higher  flash 
point  is  desirable. 

An  oil  suitable  for  steam  engine  cylinders  is  generally  unsuited 
to  gas  engines.  Steam  cylinder  oil  is  what  is  known  as  a com- 
pounded oil  and  is  made  by  mixing  either  an  animal  or  a vegetable 
oil  with  a mineral  oil.  The  compound  thus  partakes  of  the  nature 
of  both.  A pure  mineral  oil  will  not  form  an  emulsion  with  water 
and  hence  will  not  adhere  to  a moist  surface.  For  this  reason  it  is 
useless  for  steam  cylinders.  It  has,  however,  a high  flash  point 
which  the  animal  oils  do  not  possess.  The  compound  of  the  two 
forms  an  oil  that  possesses  the  characteristics 
of  both  and  makes  a very  much  better  lubri- 
cant than  either  alone. 

A cylinder  oil  when  adapted  to  the  pressure 
carried  will  atomize  or  break  up  into  a very 
fine  spray  (not  a vapor)  when  caught  in  the 
current  of  steam  and  becomes  intimately 
mixed  with  it,  thus  finding  its  way  to  every 
part  that  the  steam  reaches  and  producing 
perfect  lubrication.  If  oil  of  too  low  a flash 
point  is  used  it  will  be  decomposed  by  the 
steam  forming  a gas  and  its  power  of  lubri- 
cation is  completely  lost.  On  the  other  hand, 
a very  heavy  oil  of  too  high  flash  test  may 
not  be  even  atomized,  in  which  case  it  sim- 
ply flows  down  along  the  inside  of  the  steam 
pipe  and  forms  a pool  in  the  steam  chest. 
Here  again  lubrication  is  a failure.  In  case 
a rather  heavy  oil  is  used  and  difficulty  is 
experienced  in  getting  good  lubrication  it 
is  well  to  take  off  the  steam  chest  cover  and  observe  if  there  is  oil 
in  the  bottom  of  the  chest.  If  there  is,  it  is  evidence  that  the  oil  is 
too  heavy  and  a change  should  be  made  to  one  somewhat  lighter. 
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Less  trouble  will  generally  be  experienced  with  cylinder  lubrication 
if  care  is  taken  to  see  that  the  small  delivery  pipe  of  the  lubricator 
projects  well  into  the  steam  pipe  where  the  drop  of  oil  will  be  caught 
in  the  current  of  steam.  If  the  drop  simply  discharges  along  the 
side  of  the  pipe  it  is  much  more  apt  to  run  down  without  becoming 
atomized. 

Lack  of  lubrication  in  a steam  engine  cylinder  can  be  recognized 
by  a groaning  noise  in  the  cylinder  and  by  the  jerking  of  the  valve. 
If  not  well  lubricated,  the  valve  and  valve  seat  are  pretty  sure  to 
become  scored  and  likewise  the  cylinder  and  piston  rings.  No  gen- 
eral rule  can  be  given  as  to  just  the  amount  of  oil  to  use.  This  de- 
pends upon  the  workmanship  throughout  on  the  engine,  whether 
there  is  much  water  in  the  steam,  and  whether  the  engine  is  new  or 
has  been  run  for  some  time.  If  the  cylinder  is  bored  smoothly  and 
the  workmanship  is  first  class,  less  oil  will  be  required  than  where 
the  work  is  done  in  an  indifferent  manner. 

An  engine  that  primes  requires 
a large  amount  of  oil  because  the 
water  in  the  steam  washes  the 
oil  out.  In  a case  of  this  kind 
the  difficulty  may  be  due  to  bad 
water  or  it  may  be  due  to  lack  of 
steam  space  in  the  boiler.  If  bad 
water  is  the  cause  the  boiler  will 
foam,  but  if  the  trouble  lies  in 
the  proportioning  of  the  boiler, 
priming  may  be  looked  for  in- 
stead of  foaming.  Whenever  an 
engine  primes  badly  the  cylinder 
needs  a large  amount  of  oil  at 
once  and  for  this  purpose  a small 
hand  oil  pump  is  desirable.  Some 
traction  engines  are  regularly 
equipped  in  this  way.  Where  the 
water  is  strongly  alkaline  it  is 
always  well  to  have  an  oil  pump 
as  a part  of  the  regular  equip- 
ment. A new  engine  always  re- 
quires more  oil  than  one  that 
has  been  run  a considerable  time 
because  no  matter  how  carefully 
the  work  may  have  been  done 
the  cylinder,  the  piston  and  valve 
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are  considerably  rougher  than  they  will  be  after  having  run  some 
time,  provided  of  course,  the  engine  has  been  well  cared  for.  In  the 
same  way,  and  for  the  same  reason,  the  other  bearings  of  a new 
engine  require  more  oil  than  one  that  has  been  run  for  some  time 
and  there  is  much  more  danger  of  heating. 

Some  engines  require  only  four  or  five  drops  of  oil  per  minute 
and  some  require  twenty  or  thirty,  depending  upon  the  conditions 
above  described,  consequently  no  general  rule  can  be  laid  down 
covering  cylinder  lubrication. 

For  lubricating  gas  engine  cylinders  a pure  mineral  oil  is  used. 
Here  the  metal  is  dry  and  the  heat  is  intense.  At  the  moment  of 
explosion  the  temperature  ranges  between  2,000  and  3,000  degrees. 
The  cylinder  walls  are  generally  jacketed  either  with  water  or  oil 
which  keeps  the  temperature  of  the  metal  from  becoming  dangerous. 
Nevertheless,  the  heat  is  considerable  and  it  requires  an  oil  of  from 
400  to  600  degrees  flash  point.  A mineral  oil  has  the  property  of 
spreading  over  a dry  surface  and  it  can  be  procured  with  any  flash 
point  desired.  For  water  cooled  engines  where  the  jacket  water  does 
not  get  very  hot,  a pure  mineral  oil  from  400  to  450  degrees  flash 
point  will  give  good  satisfaction  and  will  generally  give  even  better 
satisfaction  than  the  more  expensive  kinds  showing  a higher  test. 
With  oil  cooled  or  air  cooled  gas  engines  which  run  hotter,  a higher 
test  oil  should  be  used. 

Oil  that  burns  on  the  gas  engine  piston  always  causes  trouble  by 
forming  a carbonaceous  substance  that  causes  the  piston  rings  to 
stick  and  also  gets  between  the  valves  and  valve  seats,  causing 
trouble. 

Oil  that  is  used  on  the  main  bearings  of  a traction  engine  should 
be  able  to  withstand  the  heat  at  that  point  without  evaporating.  The 
temperature  of  the  main  bearings  is  almost  the  same  as  that  of  the 
boiler  to  which  they  are  attached  and  if  an  oil  is  used  that  evap- 
orates quickly,  that  which  remains  becomes  thick  and  gummy  and 
useless  as  a lubricant.  A good  test  for  an  oil  to  be  used  for  the  main 
bearings  is  to  drop  a little  oil  on  the  boiler  near  them  and  observe 
if  it  burns  quickly,  if  so  it  is  not  suitable. 

In  conclusion,  the  writer  wishes  to  advise  buying  the  oil  from  a 
reputable  dealer  and  when  a brand  is  found  that  .is  suitable  for  the 
work  in  hand  stick  to  it.  It  is  very  easy  to  adulterate  oils  and  only 
an  expert  in  oils  can  tell  much  about  them,  and  then  only  after  a 
careful  test  and  analysis.  There  are  a number  of  firms  which  make 
good  lubricants  and  quite  a good  many  others  that  make  a cheap 
article  that  is  practically  worthless.  Since  the  good  working  as  well 
as  the  life  of  the  machinery  depends  so  largely  upon  lubrication,  too 
great  care  can  not  be  exercised  in  the  selection  of  the  lubricants. 
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LUBRICATORS. 

There  are  a great  many  different  styles  and  forms  of  lubricators 
used  on  machinery.  At  first  sight  one  might  think  it  would  be  im- 
possible to  make  a systematic  classification.  A little  thought,  how- 
ever, will  make  it  evident  that  there  are  two  primary  classes,  namely, 
bearing  lubricators  and  steam  lubricators.  The  former  are  used  on 
the  bearings  of  all  classes  of  machinery,  the  latter  for  the  cylinders 
and  valves  of  steam  engines.  The  different  lubricators  used  on  bear- 
ings naturally  fall  into  the  following  classes : plain  lubricators, 
sight-feed  oilers,  grease  cups  (both  plain  and  automatic)  and  pumps. 

Figure  59  shows  one  of  the  simplest  forms  of  plain  lubricators, 
or  wick  oiler,  as  it  is  generally  called.  It  is  a plain  brass  cup  having 
a central  tube  extending  well  up  toward  the  cover.  A few  strands  of 
candle  wicking  are  pushed  down  into  the  tube,  leaving  a coil  on  the 
outside  in  the  oil.  The  oil  rises 
in  the  wick  by  capillary  attraction 
just  as  it  does  in  a lamp  wick,  and 
flows  down  the  tube  to  the  bear- 
ing. The  only  method  of  regula- 
tion is  to  add  more  strands  of 
wicking  to  increase  the  flow  or 
take  out  some  to  reduce  it.  Close 
regulation  is,  of  course,  out  of  the 
question.  This  form  of  lubrica- 
tor is  not  used  on  traction  engines 
at  the  present  time. 

A sectional  view  of  an  ordinary 
sight  feed  oiler  is  made  the  sub- 
ject of  illustration  in  Figure  60. 

The  oil  is  contained  in  a glass 
reservoir  which  has  ground  ends 
and  is  made  oil  tight  by  means  of 
gaskets  at  the  top  and  bottom.  The 
cover  is  screwed  down  on  a central 
tube  extending  up  through  the 
reservoir.  The  bottom  of  this 
tube  is  provided  with  a valve  seat 
for  a needle  valve.  This  needle 
valve  extends  up  through  the  tube 
and  is  provided  with  a cross  bar 
or  eccentric  lever  wherewith  it  may  be  raised  from  its  seat.  It  is 
held  down  normally  by  a small  spiral  spring  in  the  upper  part  of 
the  tube.  A thumb  nut  at  the  top  may  be  raised  or  lowered,  thus  in- 
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creasing  or  decreasing  the  distance  the  needle  valve  moves  from  its 
seat  and  so  regulating  the  flow  of  oil.  A sight  feed  glass  below  the 
reservoir  shows  how  much  oil  is  being  delivered.  If  oil  rises  in  this 
glass  it  shows  that  the  opening  below  is  obstructed  and  needs  cleaning 
out. 

Figure  61  shows  an  automatic  grease  cup.  It  is  provided  with  a 
plunger  resting  upon  the  grease  which  is  pressed  down  by  means  of 
a strong  spiral  spring  between  the  plunger  and  the  cover.  The 
plunger  spindle  is  threaded  and  extends  up  through  the  cover.  A 
thumb  nut  at  this  point  enables  the  operator  to  compress  the  spring 
and  lift  the  plunger  off  from  the  grease.  When  working,  the  thumb 
nut  is  unscrewed  until  it  is  free  from  the  cover.  When  the  machine 
is  stopped  the  nut  should  be  screwed  down  until  the  plunger  is  lifted 
off  from  the  grease.  A screw  in  the  spindle  of  the  oiler  below  the 
reservois  is  provided  with  an  opening  the  same  size  as  that  in  the 
spindle.  This  opening  is  parallel  with  the  slot  in  the  head  of  the 
screw.  By  turning  this  screw  so  that  the  opening  in  the  spindle  is 
reduced,  it  is  easy  to  govern  the  flow  of  oil  to  the  bearing. 

Cylinder  lubrication  may  be  divided  into  the  following  classes, 
namely,  water  displacement  lubricators,  hydrostatic  lubricators,  and 
mechanical  lubricators  or  pumps. 

The  first  one  of  these  to  be  described  is  the  water  displacement 
lubricator,  which  is  shown  in  Figure  62.  It  consists  of  a brass 
reservoir  having  a central  tube  open  at  the  top,  which  reaches  up 
almost  to  the  cover.  Below  the  reservoir  a valve  B is  provided  which 
shuts  the  opening  between  the  steam  space  and  the  reservoir.  A 
sight  feed  glass  may  be  inserted  below  the  reservoir  and  generally 
is,  although  some  oilers  of  this  sort,  like  the  one  illustrated,  are 
made  blind. 

The  principle  of  operation  is  as  follows : When  the  valve  B is 
opened,  steam  from  the  steam  chest  rises  through  the  central  tube, 
condenses  by  meeting  the  cold  tube  and  cover  and  the  water  being 
heavier  than  the  oil  flows  down  the  outside  of  the  tube  to  the  bot- 
tom of  the  reservoir.  If  the  reservoir  is  full,  an  equal  amount  of  oil 
will  be  displaced  and,  having  no  other  place  of  egress,  will  flow  down 
the  tube  to  the  steam  chest.  This  operation  continues  until  the 
reservoir  is  filled  with  water  and  emptied  of  oil.  Without  the  cen- 
tral tube  a lubricator  of  this  kind  would  be  unable  to  work  as  long 
as  steam  presssure  was  on. 

The  hydrostatic  lubricator,  one  form  of  which  is  illustrated  in 
Figure  63,  depends  for  its  operation  upon  the  weight  of  a column  of 
water  acting  upon  the  oil  and  forcing  it  out  into  the  steam  main. 
The  lubricator  shown  has  two  connections  to  the  steam  main,  one 
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at  the  top,  the  other  at  the  side.  To  put  the  lubricator  in  opera- 
tion, first  fill  the  reservoir  completely  full  of  oil.  Then  open  the 
valve  in  the  delivery  pipe  (not  shown  in  the  figure)  and  the  one  on 
the  back  side  of  the  upper  part  of  the  gauge  glass  (also  not  shown  in 
the  figure)  and  allow  the  sight  feed  glass  to  fill  with  water.  Now 
open  the  valve  in  the  upper  connection  and  regulate  the  feed  of  oil 
with  the  valve  below  the  sight  feed  glass.  The  action  is  as  follows : 
Steam  flows  down  the  pipe  above  the  reservoir  and  condenses  both 
in  the  steam  pipe  and  in  the  globular  brass  condenser  bulb  just  above 
the  reservoir.  The  water  resulting  from  condensation  flows  up  the 
pipe  P to  the  bottom  of  the  reservoir  and  displaces  an  equal  amount 
of  oil  which  enters  the  pipe  S,  at  the  top  of  the  reservoir  and  flows 
down  and  then  up  into  the  sight  feed  glass.  Here  the  drop  is  lib- 
erated and  rises  through  the  water  and  thence  flows  across  through 
pipe  T to  the  steam  main  where  it  is  caught  in  the  current  of  steam 
and  whirled  along  toward  the  cylinder.  * When  the  lubricator  is 
working,  the  upper  pipe  is  filled  with  water.  The  steam  pressure  at 
the  lower  connection  is  the  same  as  at  the  upper.  Thus  the  pres- 
sures due  to  the  steam  are  balanced,  but  the  weight  of  the  column 
of  water  in  the  condenser  pipe  acting  upon  the  oil  pushes  it  out 
into  the  steam  main.  The  longer  the  condenser  pipe  is  the  greater 
will  be  the  pressure  on  the  oil. 

In  single  connection  lubricators  there  is  a loop  above  for  a con- 
denser pipe  and  the  height  of  the  column  of  water  which  moves  the 
oil  is  measured  from  the  top  of  the  loop  to  the  bottom  of  the 
reservoir. 

Care  should  be  taken  in  connecting  up  hydrostatic  lubricators  that 
all  joints  be  tight.  A leak  anywhere  may  offset  the  weight  of  the 
column  of  water'  and  make  it  fail  to  work.  The  cause  of  the  glass 
getting  dirty  is  often  due  to  running  the  oil  entirely  out  of  the 
reservoir,  then  if  the  steam  pressure  is  very  high  the  last  of  the  oil 
may  become  heated  to  such  an  extent  that  the  drops  burst  when 
they  come  up  into  the  sight  feed  glass.  The  fouling  of  the  glass 
may  happen  if  the  delivery  jet  in  the  glass  becomes  roughened  or 
bruised,  causing  the  drop  to  strike  the  glass  instead  of  rising  straight 
through  the  water. 
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THE  DIFFERENTIAL  GEAR. 

Every  road  engine,  be  it  traction  engine  or  automobile,  must  be 
provided  with  some  sort  of  device  to  enable  one  of  the  drive  wheels 
to  turn  faster  than  the  other  in  turning  a corner.  If  this  were  not 
done,  the  inner  wheel  in  turning  a corner  would  have  to  slip  because 
the  outer  wheel  has  so  much  farther  to  go,  being  on  the  outside  of 
the  circle.  This  slipping,  in  the  case  of  an  automobile,  would  wear 
the  tires  badly  and  in  the  case  of  a traction  engine  it  would  throw 
very  heavy  strains  on  the  gearing  and  rest  of  the  machinery,  owing 
to  the  weight  of  the  engine  and  the  grouters  with  which  the  road 
wheels  are  provided  to  keep  them  from  slipping. 

The  mechanism  which  allows  one  of  the  drive  wheels  to  move 
faster  than  the  other  is  called  the  differential  gear  and  sometimes 
the  compensating  gear,  either  term  being  used  to  mean  the  same 
thing. 

In  order  to  describe  the  construction  and  operation  of  a differen- 
tial gear,  constant  reference  must  be  made  to  the  accompanying  il- 
lustration, Figure  64,  which  shows  the  main  shaft  and  counter 
shaft  together  with  all  the  gears  of  the  driving  mechanism  in  their 
proper  relative  positions.  The  figure  is  not  drawn  to  scale  and  is  in- 
tended merely  to  illustrate  the  arrangement  of  the  mechanism,  rather 
than  the  proportions. 

Power  is  transmitted  from  the  main  shaft  to  the  drive  wheels 
through  the  train  of  spur  gears  shown  in  the  drawing.  These  con- 
sist of  a driving  pinion,  A,  intermediate  gear,  B,  differential  gear,  C, 
master  pinion,  D,  and  a master  gear.  The  driving  pinion  does  not 
revolve  with  the  main  shaft  excepting  when  the  engine  is  moving 
on  the  road. 

When  necessary  to  put  the  traction  wheels  in  motion  it  may  be 
locked  to  the  main  shaft  by  means  of  the  friction  clutch.  The  inter- 
mediate gear,  if  there  is  one,  is  attached  to  a stub  axle  bolted  to 
the  side  of  the  boiler.  All  this  gear  does  is  to  bridge  the  gap  be- 
tween the  driving  pinion  and  the  differential  gear. 

This  latter  gear  is  attached  to  the  counter  shaft  and  instead  of 
being  a single  gear  as  the  others  above  mentioned,  it  is  an  aggrega- 
tion of  gears,  consisting  of  first  an  outer  ring  or  drum  with  teeth 
on  the  outside  which  mesh  with  the  intermediate  gear.  Between 
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the  hub  and  the  outer  rim  there  are  a number  of  bevel  pinions, 
marked  F,  in  the  drawing,  which  are  attached  to  and  revolve  with 
the  outer  shell  C.  These  pinions  are  also  free  to  revolve  on  their 
own  axes. 

Two  bevel  gears,  H and  K,  one  on  each  side  of  the  large  gear, 
C,  mesh  with  the  bevel  pinions.  The  inner  gear,  H,  is  keyed  to  the 
counter  shaft,  while  the  outer  one,  K,  runs  loose.  The  hub  of  gear 
K is  made  long  and  is  provided  with  teeth,  thus  forming  the  master 
pinion  D.  The  companion  driving  pinion,  M,  on  the  opposite  end 
of  the  counter  shaft  is  securely  keyed  in  place. 


When  both  road  wheels,  N and  O,  meet  with  the  same  resist- 
ance, as  in  travelling  along  a straight  road,  the  whole  differential 
gear  revolves  as  one  gear,  transmitting  equal  driving  power  to  both 
road  wheels.  If  gear  M,  however,  were  lifted  off  the  ground  it  would 
meet  with  no  resistance,  while  O,  being  still  on  the  ground,  would 
meet  with  considerable  resistance.  Under  these  conditions  the  pin- 
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ions  F would  revolve  and  cause  bevel  gear  K and  spur  wheel  D to 
revolve,  thus  causing  the  master  gear  N and  its  road  wheel  to  re- 
volve, while  the  counter  shaft  and  the  road  wheel  O remain  at  rest. 

On  the  other  hand  if  0 were  raised  from  the  ground  and  1ST  met 
with  resistance,  the  pinions  F would  again  be  set  in  motion  causing 
gear  H to  revolve  and  with  it  the  counter  shaft  and  road  wheel  O, 
but  since  bevel  gear  K is  loose  on  the  shaft  it  will  not  turn  and  so 
the  wheel  N will  stand  still. 

In  going  round  a curve  the  inner  wheel  does  not  have  to  travel 
as  far  as  the  outer  one  and  so  meets  with  greater  resistance.  Conse- 
quently the  bevel  pinions  in  the  differential  gear  revolve  a sufficient 
amount  to  enable  both  wheels  to  travel  the  required  amount  without 
either  slipping. 

If  one  wheel  gets  in  the  mud  where  it  does  not  meet  sufficient 
resistance,  the  one  on  hard  ground  will  stand  still,  while  the  one 
in  the  mud  will  revolve  rapidly  and  dig  deeper  without  moving  the 
engine.  In  order  to  overcome  this  difficulty  some  provision  is  made 
either  to  lock  the  differential  so  that  it  must  act  as  a solid  gear, 
either  with  a pin  or  rachet,  or  to  lock  both  drive  wheels  to  the  axle, 
in  case  the  engine  has  a through  axle.  Care  must  be  taken  to  unlock 
the  differential  or  the  rear  axle  before  turning  a corner.  If  this  is 
not  done  great  strain  will  be  thrown  on  the  differential  which  will 
almost  certainly  result  in  broken  pinions.  There  is  no  side  thrust 
on  the  gears  as  is  the  case  when  bevel  gears  are  used,  and  conse- 
quently not  so  much  strain  on  any  part  of  the  differential  gear. 

The  action  of  this  type  of  differential  is  exactly  similar  to  that 
of  the  one  just  described  and  a careful  inspection  of  the  drawing 
should  make  its  construction  and  operation  perfectly  plain  to  the 
reader. 

Automobiles,  generally,  and  some  makes  of  traction  engines,  are 
provided  with  a differential  gear  having  spur  pinions  instead  of 
bevel  pinions.  These  spur  pinions  mesh  with  an  annular  gear,  that 
is,  a gear  having  teeth  cut  on  the  inner  surface.  The  action  of  a 
differential  gear  of  this  kind  is  exactly  the  same  as  that  of  the  one 
just  described.  The  claim  of  superiority  made  for  the  differential 
gear  with  spur  pinions  is  that  there  is  no  side  thrust  on  the  gears 
as  there  must  be  where  bevel  gears  are  used,  and  consequently  there 
is  not  so  much  strain  on  any  part  of  the  differential  gear. 

On  the  other  hand,  it  has  the  disadvantage  of  working  with  a 
master  gear  of  relatively  small  size  which  makes  it  difficult  to  pro- 
portion the  other  gears  in  the  driving  train  to  the  best  advantage  in 
traction  engines. 
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BELTING  AND  TRANSMISSION  OF  POWER. 

There  are  three  kinds  of  belts  in  common  nse,  leather,  rubber  and 
canvas.  Leather  has  been  used  since  very  early  times,  but  rubber 
and  canvas  have  come  into  use  within  comparatively  recent  years.' 

Hopes  and  chains  are  used  also  to  transmit  power,  and  within  the 
past  few  years  metallic  link  belting  has  come  into  use  for  some 
kinds  of  work.  The  threshermen,  however,  are  interested  directly 
only  in  the  three  kinds  first  named. 

The  best  leather  belting  is  made  from  the  backs  of  the  hides  of 
I steers.  Cow  hides  do  not  make  first-class  belting,  although  consider- 
able quantities  are  worked  into  the  inferior  grades  of  belting.  Figure 
65  illustrates  a skin  after  it  has  been  tanned.  The  middle  portion, 
E,  F,  (7,  N , cut  from  the  middle  of  the  back,  is  used  in  making  what 
is  known  as  strictly  short  lap  belting,  and  is  used  in  the  highest 
grade  goods.  The  parts  outside  of  this  middle  portion  are  used  for 
belting  of  inferior  quality.  The  stock  cut  from  the  neck  is  uneven 
in  thickness  and  stretches  unevenly.  It  is  not  suitable  for  belt 

* stock. 

Single  belting  is  made  from  a single  thickness  of  skin.  To  make 
| a long  belt  the  strips  of  leather  are  glued  together.  Care  is  taken  to 
t make  the  belt  perfectly  straight. 

If  it  is  only  slightly  crooked  it 
r will  never  run  straight  on  the 
i pulleys. 

Double  belting  consists  of  a 
double  thickness  of  skin  glued 
; together.  When  made  in  this 
way  the  hair  or  smooth  sides 
are  brought  to  the  outside. 

In  transmitting  power  by 
means  of  belting,  the  friction 
1 of  the  belt  on  the  pulleys  is  the 
I working  principle  made  use  of. 

It  has  been  found  by  experi- 
I ment  that  the  softer  and  more 
I pliable  the  belt,  the  better  it 
will  grip  the  pulleys  and  the 
more  power  it  will  transmit 
without  slipping. 

The  hair  side  of  the  belt 
shouM  always  be  run  next  to  the  pulley  because,  being  smoother,  it 

* presents  more  surface  in  contact  with  the  pulley  and  hence  will 
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transmit  more  power  without  slipping  than  if  put  on  the  other  way. 
A belt  put  on  in  this  way  will  last  longer  because  the  short  non- 
elastic fibers  are  brought  to  the  inside  where  they  are  under  com- 
pression instead  of  tension  when  bending  around  the  pulleys.  If 
they  were  on  the  outside  away  from  the  pulley  and  under  tension, 
the  belt  would  be  liable  to  crack.  Tests  made  by  running  a belt, 
first  with  the  hair  side  next  to  the  pulley  and  then  with  the  flesh 
side,  show  that  the  former  method  will  transmit  twenty-five  per 
cent  more  power. 

The  tensile  strength  of  leather  belting  is  very  variable  and  ranges 
from  two  thousand  to  five  thousand  pounds  per  square  inch  of  cross 
section.  That  is,  a belt  one  inch  square,  or  what  is  the  same  thing, 
one-fourth  of  an  inch  thick  and  four  inches  wide,  will  break  under 
a load  of  from  two  thousand  to  five  thousand  pounds. 

The  lacing,  or  point  at  which  a belt  is  joined,  is  the  weakest  part 
unless  the  belt  is  an  endless  belt.  That  is,  one  that  is  glued  to- 
gether. Glued  belts  can  be  used  only  in  connection  with  an  idler 
pulley  or  belt  tightener  to  take  up  the  stretch. 

New  leather  belts  always  stretch  more  or  less  and  it  is  a good  plan 
when  starting  a new  separator  to  cut  the  belts  an  inch  short  and 
then  as  they  stretch  take  up  the  slack.  It  must  not  he  forgotten 
that  a large  part  of  the  difficulty  experienced  with  grain  separators 
is  due  to  loose  belts.  If  a belt  anywhere  on  the  machine  slips,  the 
part  that  it  drives  is  running  at  a relatively  slower  speed  than 
those  parts  driven  by  tight  belts.  Now  every  part  of  a separator 
is  speeded  at  exactly  the  right  rate  and  if  a belt  slips  anywhere,  the 
result  will  surely  be  trouble  for  the  operator.  When  straw  clogs  on 
the  racks  or  the  tailings  augur  becomes  choked,  the  cause  can  gen- 
erally be  traced  to  a loose  belt  which  drives  these  parts  too  slowly. 

As  a rule  it  is  not  a good  plan  to  use  belt  dressings,  especially 
those  that  are  sticky  or  gummy.  If  a belt  is  kept  at  the  right  ten- 
sion and  is  soft  and  pliable,  it  is  in  the  best  possible  condition  to  do 
good  work.  Melted  beef  tallow  put  on  lightly  and  then  allowed  to 
dry  makes  a good  dressing.  Neat’s-foot  oil  on  hard  dry  belts  is  also 
good,  as  is  also  castor  oil.  In  any  event  care  should  be  taken  not  to 
use  very  much  oil  or  the  belt  will  stretch  and  become  dead  and 
flabby. 

Belts  should  be  kept  dry.  Kains  or  heavy  dews  are  bad  and  cause 
the  leather  to  become  hard  and  brittle.  Care  should  also  be  taken 
not  to  stretch  the  belts  too  tight.  This  puts  a heavy  strain  on  all 
bearings  and  upon  the  pulleys  which  can  result  only  in  heated  bear- 
ings and  a gradual  getting  out  of  line  of  the  whole  machine.  Prob- 
ably as  much  damage  is  caused  by  an  over-tight  main  drive  belt  as 
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from  any  other  thing  about  a threshing  rig.  The  engine  is  often 
backed  into  the  belt  until  it  shows  hardly  any  sag.  The  amount  of 
strain  on  the  bearings  under  these  circumstances  is  simply  tremen- 
dous and  is  sufficient  to  squeeze  out  all  oil  between  the  shaft  and  the 
box.  The  result  will  almost  surely  be  a hot  box.  In  fact,  the  writer 
has  seen  the  cylinder  box  on  the  belt  side  of  a separator  melted  out 
from  just  this  cause. 

The  horse  power  a leather  belt  can  transmit  depends  upon  three 
factors, — the  speed  at  which  the  belt  runs,  its  thickness,  and  its 
width.  If  the  speed  of  the  belt  be  doubled  it  is  able  to  transmit 
twice  as  much  power.  Likewise,  if  its  width  be  doubled  it  can,  at 
the  same  speed,  transmit  double  the  power.  Doubling  the  thick- 
ness, on  the  other  hand,  increases  the  power  the  belt  is  able  to  trans- 
mit one  and  seven-tenths  times. 

A rule  usually  given  for  the  horse  power  a leather  belt  is  able 
to  transmit  is  as  follows : A single  leather  belt  one  inch  wide,  travel- 
ing one  hundred  feet  per  minute,  can  transmit  one  horse  power. 
This  assumes  that  the  arc  of  contact  that  the  belt  makes  on  the 
smaller  pulley  is  equal  to  180  degrees,  or  half  the  circumference 
of  the  pulley.  Working  on  this  basis  we  have  the  following  table 
which  represents  the  power  which  belts  of  different  widths  can  safely 
transmit  when  the  velocity  is  one  hundred  feet  per  minute. 


Width  of  belt  in  inches 

Horse  power  for 
single  belting 

Horse  power  for 
double  belting 

1 inch 

.09 

.153 

2 inches 

.18 

.306 

3 inches 

.27 

.459 

4 inches 

.36 

.612 

5 inches 

.45 

.765 

6 inches 

.55 

.935 

7 inches 

.64 

1.008 

8 inches 

.73 

1.241 

9 inches 

.82 

1.394 

10  inches 

.91 

1.547 

11  inches 

1.00 

1.700 

12  inches 

1.09 

1.760 

The  following  problem  will  illustrate  the  use  of  the  table:  A 
double  leather  belt  eight  inches  wide  passes  over  a thirty-six  inch 
pulley  which  makes  350  revolutions  per  minute.  What  power  will 
the  belt  transmit  safely? 

f Solution. — The  speed  of  the  belt  will  equal  the  rim  speed  of  the 
pulley.  Every  time  the  pulley  revolves,  a point  on  the  rim  will 
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travel  a distance  equal  to  its  circumference.  The  circumference  of  a 
three-foot  pulley  is  3X6.1416  which  equals  9.4248  feet.  9.4248X650 
equals  3,298.88  feet,  the  speed  of  the  belt.  In  round  numbers  the 
belt  speed  is  3,300  feet  per  minute. 

From  the  table  we  find  that  an  eight-inch  belt  traveling  one  hun- 
dred feet  per  minute  will  transmit  1.241  horse  power.  Then  at  3,300 
feet  per  minute,  it  will  transmit  33X1*241,  which  equals  40.95  horse 
power. 

Canvas  belts,  often  miscalled  Gandy  belts,  are  used  very  largely 
for  main  drive  belts.  They  are  much  cheaper  than  either  leather 
or  rubber  and  give  very  satisfactory  service.  They  are  first  woven 
from  strong  cotton  yarn.  The  webs  are  woven  in  lengths  of  six 
hundred  feet.  A separate  width  is  woven  for  each  width  of  finished 
belting,  that  is,  a twenty-four  inch  width  for  a four-ply,  six-inch 
belt;  a thirty- two  inch  width  for  a four-ply,  eight-inch  belt,  and  so 
on.  This  insures  two  selvedge  edges  on  each  piece  of  duck  which 
enters  into  a belt. 

After  the  duck  is  woven,  it  is  folded  and  then  stitched,  the  rows 
of  stitches  being  one-fourth  of  an  inch  apart,  except  at  the  splice, 
where  they  are  one-eighth  of  an  inch  apart.  When  the  web  is  folded 
over  four  times,  making  four  thicknesses,  the  belting  is  said  to  be 
four-ply,  five  thicknesses,  five-ply,  etc. 

After  the  belt  is  stitched  and  spliced,  making  it  endless,  it  is  cov- 
ered with  self  oxidizing  oils  until  the  canvas  is  saturated.  After  this 
it  is  hung  up  in 'dry  sheds  and  allowed  to  dry,  during  which  time 
the  oil  oxidizes.  After  the  drying  process  is  completed  it  is  taken 
down  and  given  a coating  of  paint  which  generally  consists  of  iron 
oxide  and  Venetian  red.  After  a final  drying,  it  is  ready  for  the 
market. 

The  oils  and  paint  fill  the  duck  and  prevent  it  from  taking  up 
moisture.  Belts  made  in  this  way  are  more  suitable  for  severe 
weather  conditions  than  leather  belts.  The  strength  of  the  duck 
from  which  canvas  belts  are  made  is  said  to  be  about  three  hun- 
dred fifty  pounds  per  inch  of  width  for  a single  thickness,  thus 
making  a four-ply  canvas  belt  considerably  stronger  than  a single 
leather  belt. 

Bubber  belting  is  first  made  of  a rather  loosely  woven  cotton  duck, 
after  which  unvulcanized  rubber  is  squeezed  in  between  the  meshes 
of  the  cloth.  The  web  is  then  folded  and  the  rubber  is  vulcanized. 
Bubber  belting  when  well  made  is  very  serviceable  for  out  of  door 
work.  It  is  not  quite  as  strong  as  canvas  stitched  belting  and  will 
not  bear  such  rough  usage. 
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Belt  Fastenings. — There  are  several  different  ways  to  fasten  the 
ends  of  a leather  belt  together;  as  for  example,  lacing,  gluing,  and 
by  the  use  of  metallic  fasteners.  All  of  these  methods  are  in  com- 
mon use  and  all  of  them  are  satisfactory  under  certain  conditions. 
Lacing  is  used  more  widely  than  any  other  method,  principally  for 
the  reason  that  it  is  the  most  convenient  and  easiest  method  that 
we  have. 

There  are  quite  a good  many  ways  of  lacing  a belt  to  make  a 
satisfactory  fastening.  There  are,  evidently,  judging  from  the 
appearances  of  many  belts  in  use,  a great  many  people  who  do  not 
know  how  to  perform  the  operation  correctly.  This  article  is  in- 
tended to  show  several  simple  methods  of  lacing,  both  narrow  and 
medium  sized  belts,  in  a good  workman-like  manner.  Many  people 
seem  to  think  that  the  lacing  should  be  thick  and  heavy  in  order  to 
make  a good  job.  This,  however,  is  a mistake.  The  thinner  the 
joint,  if  it  is  made  correctly,  the  better  it  is.  A thick,  heavy  lacing 
strains  the  belt  in  passing  over  the  pulley  and  causes  slippage,  for 
the  reason  that  only  a few  points  are  in  contact  with  the  pulley 
at  the  instant  it  is  passing  over. 

The  first  thing  to  do  is  to  cut  the  ends  of  the  belt  perfectly  square, 
using  a square  in  order  to  make  the  angle  right.  Then  the  holes 
should  be  punched  with  the 
right  sized  punch,  that  is,  with 
one  that  will  not  remove  any 
more  leather  than  is  necessary 
to  allow  the  lacing  to  pass 
through  without  tearing  the 
belt.  An  oval  punch  held 
lengthwise  of  the  belt  is  the 
best  form  of  punch  to  use.  The 
holes  should  not  be  nearer  than 
three-quarters  of  an  inch  to  the 
sides  of  the  belt,  nor  nearer 
than  seven-eighths  of  an  inch 
to  the  end  that  has  been  cut  For  Harrow  Kelts 

off.  The  holes  in  the  two  ends  Figure  66. 

of  the  belt  should  be  laid  out  so  that  they  match  each  other  exactly. 
Then  when  the  tension  is  applied  to  the  belt,  the  two  ends  will  be 
exactly  in  line. 

Figure  66  represents  a style  of  lacing  adapted  to  narrow  belts  that 
do  not  have  to  transmit  very  much  power.  The  two  ends  of  the 
lacing  should  be  drawn  through  from  the  smooth  or  hair  side  of  the 
belt.  One  of  the  laces  is  then  laced  toward  the  right  side  of  the  belt, 
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and  then  back  again  to  the  middle,  taking  care  to  keep  the  strands 
of  the  lacing  parallel  with  the  belt  on  the  pulley  side,  and  to  make 
all  the  crossings  on  the  outside  of  the  belt.  The  other  end  of  the 

lace  is  carried  to  the  left  side  of  the  belt,  and  back  again  to  the 

middle  in  a similar  manner.  The  laces  should  never  cross  on  the 
pulley  side  for  the  reason  that  they  will  wear  in  two  at  the  point 
of  crossing.  This  lacing  can  he  easily  learned  by  following  the 
figures  shown  on  the  cut,  that  is,  start  at  1 in  the  center,  then  lace 

through  holes  1,  2,  3,  etc.,  with  the  right  hand  lace,  and  do  the 

same  for  the  left  hand. 

Figure  67  shows  a simple  method  of  lacing  a heavier  belt.  The 
starting  point  is  in  the  middle  and  the  direction  for  the  laces  is 
indicated  by  the  drawing. 

A hinge  lacing  suitable  for  a governor  belt  or  for  a blower  belt  is 
shown  in  figure  68.  The  ends  of  the  laces  in  every  case  pass 
through  between  the  ends  of  the  belt  before  passing  through  a hole. 
The  ends  of  the  lacing  are  fastened,  as  shown  in  the  cut,  near  the 
edges  of  the  belt.  This  style  of  lacing  permits  the  belt  to  pass 
over  a small  pulley  or  to  make  a short,  sharp  bend.  It  is  not  as 
strong  as  the  other  lacing  shown,  but  it  is  much  more  flexible,  and 
for  certain  purposes,  as  for  example  those  above  mentioned,  it 
has  considerable  merit. 


The  next  illustration,  figure  69,  represents  a style  of  lacing 
suitable  for  heavy  belting  which  transmits  a large  amount  of  power. 
The  starting  point  for  this  lacing  is  in  the  middle  of  the  belt,  one 
end  of  the  lace  being  carried  to  the  right,  the  other  to  the  left. 
Care  should  be  taken  in  making  this  lacing,  as  indeed  with  all  of 
the  others,  to  keep  all  the  strands  of  the  leather  lacing  at  an  even 
tension.  Whenever  the  lacing  stretches  on  one  side  of  the  belt 
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more  than  upon  the  other,  either 
the  lacing  or  the  belt  is  apt  to 
tear,  and  it  will  be  impossible  to 
keep  the  belt  on  the  pulley. 

Belts  used  for  driving  high 
speed  machines,  especially  if 
they  pass  over  small  pulleys, 
will  give  better  satisfaction  if 
glued  together,  than  if  laces  are 
used.  The  belt  being  smooth  at 
all  points  has  no  tendency  to 
jump  or  slip  in  going  over  the 
pulleys  as  does  a belt  that  is 
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laced.  Difficulty  may  be  experienced,  however,  through  the  stretch- 
ing of  the  belt,  unless  some  provision  is  made  to  move  the  machine 
that  is  being  driven,  on  a rail,  as  is  generally  done  in  the  case  of 
small  electric  generators,  or  by  means  of  a tightener  pulley  which 
takes  up  the  slack  of  the  belt. 

The  method  of  gluing  a belt  is  well  illustrated  in  Figure  70.  The 
two  ends  of  the  belt  should  be  scarfed  as  shown  in  the  illustration 
so  that  when  they  are  laid  together  the  thickness  of  the  joint  is  ex- 
actly the  same  as  the  rest  of  the  belt.  The  length  of  the  lap  should 
be  about  ten  inches  on  all  belts  less  than  ten  inches  wide.  The  scarf- 
ing can  be  done  with  a sharp  carpenter’s  plane.  A good  grade  of 
fish  glue  should  be  spread  on  the  two  halves  of  the  belt,  and  the 
joint  completed  by  clamping  together  between  two  smooth  planks. 
The  pressure  should  be  left  on  about  twenty-four  hours.  A glued 
belt  should  not  be  put  in  service  until  forty-eight  hours  have  elapsed 
from  the  time  of  gluing. 

Rubber  belts  and  canvas  belts  are  sometimes  laced,  but  the  joint 
is  never  very  strong;  in  fact,  there  is  no  very  satisfactory  method 
known  to  join  these  belts.  If  lacing  is  resorted  to,  an  awl  should 
be  used  to  make  holes,  instead  of  a punch.  A punch  will  cut  the 
strands,  while  the  awl  merely  pushes  them  to  one  side  and  does  not 
weaken  the  belt  at  that  point.  Where  the  belts  do  not  have  to  pass 
over  very  small  pulleys,  there  are  a number  of  special  belt  clamps 
and  plates  on  the  market  that  will  join  the  belt  much  more  satis- 
factorily than  in  any  other  way. 

Metallic  belt  fasteners  and  wire  lacing  are  used  widely  on  small 
and  medium  sized  leather  belts.  These  fasteners  are  made  in  a 
variety  of  forms,  sometimes  as  staples,  and  sometimes  in  the  form 
of  a hinge  with  a pin.  Where 
very  heavy  loads  have  to  be 
transmitted,  there  is  danger 
that  the  staples  will  cut  through 
the  leather.  For  all  ordinary 
work,  however,  they  are  very 
satisfactory,  cheap,  and  easy  to 
apply. 

Pulleys . — The  friction  be- 
tween a belt  and  an  iron  pulley 
is  much  less  than  it  is  if  a wood 
pulley  is  used  or  an  iron  pulley 
covered  with  leather  or  rope.  Where  considerable  power  has  to  be 
transmitted  through  a small  sized  pulley,  it  is  customary  to  lag  the 
pulley  with  leather  and  thus  prevent  the  belt  from  slipping.  It  is 
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important  in  covering  a pulley,  to  draw  the  covering  very  tight  and 
fasten  it  so  that  it  cannot  work  loose.  If  it  is  not  drawn  tight,  it 
will  soon  come  off.  Some  pulleys  are  cast  with  dove  tail  grooves  into 
which  pieces  of  wood  are  driven.  These  pieces  of  wood  hold  the  nails 
which  keep  the  covering  in  place.  Other  pulleys  are  made  with 
several  rows  of  holes  which  are  intended  to  receive  the  rivets  which 
hold  the  covering  in  place.  If  leather  covering  is  used,  it  should  be 
soaked  in  water  for  several  hours  before  being  applied.  This  will 
make  the  leather  flexible  and  stretch  it.  The  ends  should  then  be 
cut  square,  the  pulley  locked  in  place,  and  one  end  of  the  lagging 
either  nailed  or  riveted  to  the  pulley.  It  should  then  be  drawn  tightly 
to  the  pulley  and  the  next  row  of  nails  or  rivets  inserted,  etc.,  until 
the  pulley  is  completely  covered.  A clamp  consisting  of  a couple 
of  pieces  of  wood  can  be  fastened  to  the  lagging,  and  the  pressure 
be  applied  by  means  of  a lever  over  the  end  of  the  clamps  and  under 
the  shaft.  If  the  lagging  is  drawn  up  tightly  and  drawn  in  place 
while  wet,  it  will  shrink  and  become  very  tight  when  it  is  dry.  There 
is  much  less  danger  of  the  belt  slipping  if  the  pulley  is  lagged,  than 
if  it  is  bare.  Lagging  a pulley  increases  its  size  and  decreases  the 
speed,  proportional  to  the  increase  in  diameter. 

Most  pulleys  are  made  crowning,  that  is,  they  are  a little  larger 
in  diameter  at  the  center  than  near  the  edges.  The  reason  for  this 
is  that  the  belt  is  much  less  liable  to  run  off  than  if  the  face  of  the 
pulley  were  straight.  A belt  always  runs  toward  the  largest  diam- 
eter of  the  pulley;  that  is,  if  a pulley  were  made  cone-shaped,  the 
belt  would  run  off  on  the  larger  side  of  the  pulley,  provided,  of 

course,  that  the  shafts  of  the 
two  pulleys  are  parallel.  In  the 
case  of  a crowning  pulley,  both 
edges  of  the  belt  tend  to  run 
toward  the  center  and  conse- 
quently the  belt  has  no  tendency 
to  run  off  from  the  pulleys.  In 
order  for  belts  to  run  true,  the 
pulleys  should  be  exactly  in  line 
and  the  shafts  to  which  they  are 
fastened  should  be  exactly  par- 
allel. It  is  always  advisable  to 
run  the  machinery  in  such  a 
way  that  the  lower  side  of  the 
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Figure  69. 


belt  shall  be  the  tight  side,  as  in  this  way  the  belt  will  be  in  contact 
with  the  pulleys  through  a larger  arc,  because  the  weight  of  the 
upper  half  of  the  belt  which  is  the  slack  side,  will  cause  the  belt 
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to  hug  the  pulleys;  if  the  lower  side  is  the  slack  side,  the  weight  of 
the  belt  will  cause  it  to  fall  away  from  the  pulleys. 

In  figuring  the  speed  of  the  pulleys,  their  circumferences  need  not 
be  considered.  All  that  is  necessary  to  know  is  the  diameters,  be- 
cause the  circumferences  are  proportional  to  the  diameters.  If  one 
knows  the  speed  of  the  driving  pulley,  the  diameter  of  the  driver 
and  the  diameter  of  the  follower,  it  is  easy  to  figure  the  speed  of 
the  follower.  The  rule  is : form  a fraction  with  the  diameter  of  the 
driver  for  the  numerator,  and  the  diameter  of  the  follower  as  the 
denominator,  then  multiply  this  fraction  by  the  speed  of  the  driver; 
the  product  will  be  the  speed  of  the  follower. 


ENGINE  EFFICIENCY. 


The  statement  is  frequently  made  that  the  efficiency  of  a steam 
engine  at  its  best  is  not  more  than  ten  or  twelve  per  cent  and  that 
generally  it  is  much  less.  If  this  is  true  it  means  that  from  eight- 
eight  to  ninety  per  cent  of  the  energy  supplied  is  lost  before  any 
work  is  done.  This  is  a tremendous  loss  and  the  reasons  for  it 
are  of  interest  to  everyone  who  uses  steam  power. 

I The  term  efficiency  may  not  be  generally  well  understood  and  so 
we  will  state  briefly  that  it  means  the  ratio  of  the  amount  of  work 
obtained  from  a machine  to  the  work  put  in.  It  means  output 
divided  by  input.  Or,  in  other  words,  if  we  put  two  hundred  foot 
pounds  of  work  into  a machine  and  it  delivers  only  one  hundred 
foot  pounds  o^f  work  then  the  efficiency  of  that  machine  is  only 
or  fifty  per  cent.  This  definition  of  efficiency  applies  to  any 
machine  whatsoever,  whether  it  be  a steam  engine,  a gas  engine  or 
a jack  screw. 

A steam  engine  is  a heat  engine.  Heat  is  the  source  of  its  energy. 
The  larger  the  engine,  the  m<3re  fuel  it  takes  to  run  it.  The  engine 
that  can  deliver  the  largest  amount  of  power  with  a given  quantity 
of  fuel  is  the  most  efficient  engine.  Consequently,  in  order  to  get 
at  the  ultimate  efficiency  of  a steam  engine,  and  this  includes  the 
boiler  and  all  other  parts,  we  must  start  at  the  coal  pile  and  take 
into  account,  first,  the  amount  of  heat  energy  the  coal  contains, 
and  second,  .all  of  the  heat  losses  that  occur  before  the  heat  of  the 
coal  is  turned  into  useful  work.  


This  leads  us  then  to  a consid- 
eration of  the  nature  of  heat 
and  its  relation  to  work. 


Figure  70. 


I To  begin,  heat  is  a condition,  or  effect.  It  is  not  a substance  and 
cannot  be  weighed  although  we  do  have  a method  of  measuring  it, 
which  will  presently  be  explained.  Heating  a substance  does  not 
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change  its  weight,  which  proves  the  statement  just  made,  that  heat 
is  not  a substance. 

Sir  Humphrey,  one  of  the  early  experimenters  in  this  field,  melted 
two  pieces  of  ice  by  rubbing  them  together,  from  which  he  concluded 
that  heat  was  caused  by  motion.  However,  it  is  well  known  that 
substances  may  be  heated  without  moving  them.  Nevertheless  when 
a body  is  heated  there  is  a movement  of  the  particles  or  molecules 
of  the  body  because  all  bodies  expand  when  heated,  thus  the  idea 
of  motion  exists  even  though  it  be  too  small  to  be  seen  directly. 
Since  heat  and  motion  are  inseparable  it  leads  to  the  conclusion 
that  heat  is  a form  of  energy  because  it  requires  energy  or  work  to 
produce  motion. 

It  was  suspected  for  a long  time  that  an  exact  relationship  existed 
between  heat  and  work  but  it  remained  for  Dr.  Joule  of  England  to 
discover  what  this  relationship  actually  is.  In  1854  he  undertook  a 
series  of  experiments  which  culminated  in  the  discovery  that  one 
heat  unit  was  equivalent  to  seven  hundred  seventy-two  foot  pounds 
of  work. 

A heat  unit,  or  British  thermal  unit,  usually  written  B.  t.  u., 
may  be  defined  as  the  amount  of  heat  necessary  to  heat  one  pound  of 
water  through  one  degree  Fahrenheit,  or,  to  be  exact,  from  62  degrees 
to  63  degrees  Fahrenheit,  and  according  to  Dr.  Joule’s  experiments 
this  represents  an  amount  of  work  equal  to  raising  seven  hundred 
seventy-two  pounds  one  foot  high.  A few  years  later  Dr.  Howland 
of  Baltimore  found  the  value  to  be  seven  hundred  seventy-eight  foot 
pounds  and  this  is  the  value  now  accepted  by  all  American  en- 
gineers and  is  called  the  mechanical  equivalent  of  heat . 

To  show  how  all  of  this  applies  to  the  subject  of  engine  efficiency 
let  us  consider  how  the  heat  of  the  fuel  is  changed  into  work.  In 
the  first  place,  the  fuel  must  be  burned  in  the  furnace,  water  is 
heated  and  turned  into  steam  which  is  piped  to  an  engine  and  there 
made  to  push  a piston  back  and  forth.  This  piston  in  turn  trans- 
mits energy  through  several  moving  parts  before  it  reaches  the  fly 
wheel  where  it  can  be  turned  to  useful  account.  The  process  is  a 
long  circuitous  one  and  inevitably  there  are  many  losses. 

The  first  loss  arises  from  radiation  from  the  boiler  and  its  setting. 
If  the  boiler  is  in  a closed  room  where  the  wind  does  not  strike  it 
and  is  well  jacketed  this  loss  may  be  made  quite  small  but  it  is  never 
entirely  overcome.  In  the  case  of  a traction  engine  working  out  of 
doors,  it  is  always  large. 
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The  next  loss  is  due  to  incomplete  combustion  of  the  fuel.  This 
may  be  large,  or  small,  depending  upon  the  skill  of  the  fireman  and 
can  be  entirely  overcome  with  proper  care  and  intelligence.  Then 
there  is  a great  loss  of  heat  through  the  smoke  stack,  carried  out  by 
the  smoke.  For  every  pound  of  coal  burned  there  is  required,  theo- 
retically, twelve  pounds  of  air,  but  there  must  be  a certain  excess  of 
air  to  insure  a sufficient  quantity  of  oxygen  and  generally  from 
twenty  to  thirty  pounds  of  air  are  used  per  pound  of  coal.  Four- 
fifths  of  this  air  is  composed  of  nitrogen  which  does  no  good  what- 
ever, but  considerable  harm,  since  it  must  be  heated  in  the  furnace 
and  then  with  a large  load  of  heat  cast  out  through  the  chimney. 
The  temperature  of  the  chimney  gases  is  from  450  degrees  to  750 
degrees  Fahrenheit,  and  since  each  pound  of  air  when  heated  one 
degree  absorbs  one-fourth  of  a heat  unit,  very  nearly,  it  can  readily 
be  seen  that  a very  large  part  of  the  heat  of  the  coal  goes  to  waste 
in  this  way  without  doing  any  work.  This  is  a loss  that  can  not  be 
overcome  although  in  stationary  practice  it  may  be  reduced  to  a 
minimum  by  using  as  small  an  amount  of  air  as  possible,  and  by 
placing  a feed  water  heater,  or  economizer,  as  it  is  called,  in  the  base 
of  the  chimney  and  thus  cooling  the  gases  as  low  as  possible.  To  do 
this,  however,  requires  an  expensive  equipment  which  is  justifiable 
only  in  very  large  plants.  It  can  not  be  done  with  a traction  engine. 
The  heat  losses  so  far  considered  belong  to  the  boiler  only.  With  a 
poor  boiler  setting  where  the  air  can  leak  in,  or  where  the  boiler  is 
not  well  jacketed,  the  total  loss  may  be  as  much  as  sixty  per  cent  or 
as  low  as  eighteen  per  cent.  The  latter  figure  represents  about  the 
best  that  has  ever  been  accomplished  in  stationary  practice,  and  is 
much  better  than  can  be  hoped  for  in  traction  engine  work. 

This  brings  us  now  to  the  losses  in  the  engine  itself.  The  first  to 
claim  our  attention  arises  through  radiation  from  the  cylinder  and 
steam  pipe.  If  the  latter  be  long  or  not  properly  covered,  consider- 
able loss  may  occur  at  this  point,  or  if  the  cylinder  is  not  jacketed, 
the  loss  may  be  considerable.  The  great  loss  however,  and  the  one 
that  overshadows  all  others,  is  due  to  the  heat  that  escapes  with  the 
exhaust  steam.  In  order  to  appreciate  this  loss  we  must  first  con- 
sider the  amount  of  heat  that  is  put  into  a pound  of  steam  during 
formation.  If  one  pound  of  water  at  a temperature  of  32  degrees 
Fahrenheit  be  heated  to  the  boiling  point  it  will  require  180  heat 
units  and  if  this  boiling  water  be  evaporated  into  steam  at  atmos- 
pheric pressure  it  will  call  for  966  heat  units,  additional,  making  a 
total  of  1,146  heat  units  in  each  pound  of  steam  at  atmospheric  pres- 
sure, that  is,  pressure  that  is  not  recorded  on  an  ordinary  steam 
gauge.  Every  pound  of  steam  at  atmospheric  pressure  contains  this 
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amount  of  heat,  and  since  this  is  the  pressure  of  the  exhaust  steam 
it  follows  that  every  pound  of  steam  that  escapes  at  the  exhaust  as 
steam  carries  with  it  this  large  burden  of  heat.  Here  then  is  where 
the  principal  loss  occurs  in  steam  engines.  It  is  in  the  heat  of  the 
exhaust  steam  and  it  can  not  be  overcome  because  the  medium  used, 
water,  requires  so  much  heat  to  change  its  form  from  water  into 
steam,  and  this  is  practically  all  lost  in  non-condensing  engines. 

In  addition  to  these  heat  losses  there  must  be  taken  into  account 
the  losses  through  friction  in  the  engine  itself.  These  losses  in  trac- 
tion engines  are  never  less  than  four  per  cent  and  may  range  as  high 
as  twenty  per  cent,  or  even  more,  depending  upon  the  condition  of 
the  bearing  surfaces. 

Counting  from  the  coal  pile  and  taking  everything  into  consider- 
ation  it  is  doubtful  if  a traction  engine  will  show  more  than  six  per- 
cent efficiency  under  favorable  conditions.  This  means  that  for 
every  one  hundred  pounds  of  fuel  burned  ninety-four  pounds  are 
lost,  truly  a wonderful  performance;  and  yet  it  is  not  much  worse 
than  stationary  engines  of  the  best  grade,  which  rarely  yield  more 
than  ten  or  twelve  per  cent  efficiency.  Under  the  most  favorable 
circumstances,  where  every  precaution  known  was  employed  to  re- 
duce losses,  and  with  large  sized  high  speed  engines,  efficiencies  as 
high  as  twenty  per  cent  have  been  recorded  hut  very  few  steam 
plants  have  ever  reached  such  a high  standard. 

Considering  the  medium  we  are  required  to  work  with,  namely, 
water,  it  does  not  seem  possible  to  ever  improve  the  steam  engine  very 
much  beyond  its  present  condition  so  far  as  efficiency  is  concerned. 

Let  us  now  consider  the  possibilities  in  a pound  of  coal  from  a 
purely  heat  basis.  A pound  of  good  soft  coal  will  yield  approximately 
13,000  B.  t.  u.  or  10,024,000  foot  pounds  of  energy.  A horse  power 
is  equal  to  33,000  foot  pounds  per  minute  or  1,980,000  foot  pounds 
of  work  per  hour.  10,024,000  divided  by  1,980,000  equals  5.06,  which 
shows  that  theoretically  one  pound  of  good  average  soft  coal  should 
yield  5.06  horse  power  per  hour,  while  as  a matter  of  fact  it  takes 
anywhere  from  one  to  six  pounds  of  coal  to  yield  one  horse  power 
per  hour  in  the  steam  engine. 

Gas  engines,  however,  have  an  advantage  in  efficiency  over  the 
steam  engine.  Any  good  average  gas  engine  will  yield  at  least  fif- 
teen per  cent  efficiency  and  that  too  in  the  small  sizes  while  the  best 
gas  engines  have  shown  efficiencies  under  actual  test  of  more  than 
thirty  per  cent.  The  reason  for  this  advantage  in  efficiency  is  easy 
to  explain.  The  heat  is  generated  where  it  is  used,  in  the  cylinder, 
and  there  are  not  so  many  chances  for  loss  to  occur.  The  medium 
used  is  air  and  no  energy  is  required  to  change  its  form  as  is  the 
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ease  with  water.  True,  there  is  considerable  loss  of  heat  through 
the  jacket  water  and  on  account  of  the  exhaust  gases  and  the  fric- 
tion of  the  engine  is  considerably  larger  in  proportion  than  in  the 
steam  engine,  but  its  ultimate  efficiency  is  greater  than  the  steam 
engine  nevertheless.  Both,  however,  are  wasteful  and  are  depleting 
•the  world’s  fuel  supply  at  an  alarming  rate. 

care  and  handling  of  a traction  engine. 

The  life  of  a traction  engine  all  through  the  Northwest  is,  on  an 
average,  about  seven  years. 

Traction  engines  do  less  than  three  months  work  per  year,  or  a 
total  of  less  than  two  years  of  actual  work  before  they  go  to  the 
scrap  heap.  Some  engines,  it  is  true,  last  two  or  three  times  as  long 
as  this,  but  this  fact  only  goes  to  prove,  even  more  forcibly  than 
anything  else,  that  the  method  of  handling  is  extremely  wasteful. 

Each  of  these  engines  cost  anywhere  from  $2,000  to  $2,800,  thus 
making  the  deterioration  amount  to  from  $300  to  $400  per  year. 
Figured  on  the  basis  of  the  actual  work  done  the  deterioration  is 
greater  yet.  For  example:  Suppose  the  engine  works  eighty  days 
per  year  which  is  a high  average,  and  cost  originally  $2,800.  If  it 
lasts  seven  years  the  deterioration  is  $400  per  year  or  five  dollars  per 
day  for  every  day  it  runs.  If  the  engine  runs  only  forty  days  a 
year  the  deterioration  is  just  twice  as  much  or  ten  dollars  per  day. 

This  amount  is  altogether  too  high,  and  while  it  is  not  very  com- 
plimentary to  say  it,  it  is  largely  the  thresherman’s  own  fault.  A 
traction  engine  ought  to  last  from  fifteen  to  twenty  years  with  any- 
thing like  decent  care.  They  are  well  made  and  contain  the  best  of 
material.  The  fault  lies  with  the  user. 

Poor  engineers,  poor  care,  bad  water  and  a desperate  desire  to 
keep  going  at  all  hazards,  tells  the  story  in  one  sentence. 

It  pays  sometimes  to  make  haste  slowly.  If  anything  goes  wrong 
it  pays  to  stop  and  mend  it  even  if  the  crew  does  lie  idle  for  an  hour 
or  two.  It  generally  prevents  a worse  condition  a little  later  and  is 
sure  to  make  the  engine  last  longer.  If  anything  within  reason  can 
be  done  to  make  an  engine  last  two  or  three  times  as  long,  it  ought 
to  be  considered. 

The  writer  has  made  earnest  inquiry  in  every  business  he  is  ac- 
quainted with  to  determine  the  amount  of  deterioration  in'  equip- 
ment and  he  fails  to  find  anything  that  can  compare  in  any  way  with 
the  thresher  business  as  it  is  carried  on  at  the  present  time.  How 
long  would  any  manufacturing  business  prosper  if  all  the  machinery 
had  to  be  replaced  every  two  or  three  years  .or  less?  Yet  this  is  the 
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average  condition  among  threshermen.  Can  this  condition  be  im- 
proved? Certainly.  The  remedy  is  simply  better  skill  in  handling 
the  machinery  and  more  intelligent  care  both  during  the  threshing 
season  and  while  the  engine  is  lying  idle. 

It  may  not  be  generally  recognized,  but  it  is  a fact,  that  an  engine 
standing  idle,  unless  first  put  in  proper  shape,  deteriorates  almost  as 
fast  as  while  working.  In  other  words,  all  deterioration  must  not 
be  charged  against  the  actual  working  time.  However,  if  properly 
cared  for,  the  deterioration  during  the  time  of  idleness  should  be 
very  small. 

Now  let  us  consider  the  means  to  be  adopted  to  better  conditions. 
First,  we  must  consider  the  engineer.  He  should  be  a master  of  his 
business.  In  addition  to  being  a good  engine  driver,  one  who  can 
pull  up  in  line  in  a twinkling,  he  should  know  machinery,  and  how  to 
take  care  of  it.  He  should  be  a careful,  painstaking,  cool-headed 
man  by  nature,  and  have,  through  study  or  experience,  learned  the 
foundation  principles  of  steam  engineering. 

Running  a traction  engine  is  a trade  by  itself  and  requires  a 
better  man  than  for  a stationary  engine  or  a locomotive.  A traction 
engine  is  a complete  power  plant  in  itself  which  works  under  the 
hardest  possible  conditions.  There  are  too  many  men  rated  as 
“cracker  jack”  engineers  whose  reputation  is  based  solely  on  their 
ability  as  engine  drivers.  They  can  line  up  in  “no  time”  but  do  not 
know  enough  about  how  to  take  care  of  the  engine  and  boiler. 

Engine  driving  is  a part  of  the  business,  true  enough,  and  ability 
to  do  it  well  counts  heavily  when  a big  crew  is  waiting,  but  if  care 
and  management  and  a thorough  knowledge  of  the  engine  is  not 
combined  with  it,  it  is  not  enough  by  a long  ways.  It  pays  any  man 
who  owns  a traction  engine  to  put  a really  good  man  in  charge,  even 
if  he  has  to  pay  double  the  usual  wages.  If  this  statement  seems 
extravagant,  think  of  that  deterioration  charge  and  then  figure 
again. 

The  next  thing  to  be  considered  is  the  care  of  the  engine  in  the 
field.  It  is  the  engineer’s  duty  to  watch  everything  carefully  and 
see  that  every  part  is  in  good  adjustment.  But  right  here  a warning 
is  necessary.  It  is  not  a wise  thing  to  start  out  with  a monkey 
wrench  whenever  you  hear  a knock  or  pound  and  tighten  all  the  bear- 
ings. A little  knock  does  not  hurt  very  much,  and  any  way,  it  is 
poor  policy  to  try  to  locate  anything  of  that  sort  by  ear.  The  only 
sure  way  to  locate  a knock  is  either  to  see  lost  motion  or  feel  it,  and 
no  adjusting  should  be  done  until  it  is  located  in  this  way.  Then 
never  try  to  take  out  all  the  pound  at  one  time.  Take  out  some  to- 
day, a little  more  tomorrow,  and  thus  let  the  bearing  gradually 
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adjust  itself  to  the  change  caused  by  tightening  the  boxes.  If  all  of 
the  knock  is  taken  out  at  once  the  chances  are  ten  to  one  that  the 
box  will  get  hot. 

A good  traction  engineer,  moreover,  does  not  let  many  things  get 
out  of  order  very  badly.  He  goes  over  his  engine  with  a bit  of  waste 
every  time  it  stops  and  wipes  it  up  just  as  a locomotive  or  sta- 
tionary engineer  does.  He  takes  pride  in  the  appearance  of  his  en- 
gine and  while  wiping  up  and  keeping  things  looking  well  inspects 
every  bolt  and  nut  and  detects  any  fault  before  the  consequences 
can  become  serious. 

Threshing  is  a dirty  business,  to  be  sure,  but  a good  engineer  who 
takes  a pride  in  his  business  will  keep  his  machine  looking  pretty 
well  just  the  same,  and,  by  the  way,  a man  who  doesn’t  take  a pride 
in  his  business  is  a pretty  poor  specimen. 

The  inside  of  the  boiler  needs  just  as  much  attention  as  any  other 
part.  It  should  be  kept  free  from  mud  and  scale.  If  it  isn’t  kept 
clean  it  will  be  hard  to  fire  and  there  is  danger  of  overheating  the 
metal.  Mud  can  always  be  washed  out  with  a force  pump  and  a 
nozzle  on  the  end  of  a hose,  working  from  the  front  end  of  the  boiler 
back.  Scale  is  harder  to  handle. 

Water  containing  scale-making  substances  may  be  perfectly  clear 
and  even  sparkling.  One  can  not  tell  by  the  appearance  of  water 
whether  it  is  good  for  boiler  purposes  or  not.  Cold  water  is  a great 
solvent,  that  is,  it  will  dissolve  most  mineral  substances  to  some  ex- 
tent, therefore  water  generally  contains  some  of  all  the  minerals 
found  in  the  soil  through  which  it  flows.  If  the  soil  contains  lime, 
the  water  contains  lime,  and  if  magnesium  or  alkali  is  in  the  soil 
it  will  also  be  found  in  the  water. 

The  worst  substances  in  the  water  that  an  engineer  has  to  con- 
tend with  are  the  carbonates  and  sulphates  of  lime  and  magnesium. 
These  form  a hard  rock-like  scale,  especially  if  there  is  mud  or  some 
other  substances  present. 

In  cold  water  these  substances  are  dissolved  in  the  water,  but  when 
the  water  is  heated  to  the  boiling  point,  212  degrees,  the  carbonates 
are  no  longer  held  in  solution.  When  the  water  is  heated  to  280  de- 
grees the  sulphates  are  no  longer  soluble  and  they  fall. 

There  are  a number  of  boiler  compounds  on  the  market  that  will 
purify  water  containing  these  substances,  which,  if  used  -judiciously, 
will  bring  good  results.  The  basis  of  most  of  these  compounds  are 
caustic  soda,  soda  ash,  and  tannic  acid  compounds,  made  mostly  from 
the  exhausted  liquor  from  tanneries. 

For  lime  water  soda  ash  or  sodium  phosphate  compounds  are  good 
and  are  safe  and  harmless. 
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Kerosene  is  also  used  with  good  effect,  both  to  prevent  scale  and  to 
remove  it.  As  a preventative  it  should  be  used  sparingly,  because  it 
has  a tendency  to  work  into  the  joints  and  cause  them  to  leak  by 
dissolving  out  the  particles  of  rust.  A pint  per  day  for  a 25-horse 
power  boiler  is  enough.  It  should  be  introduced  continuously  with 
the  feed  water. 

To  remove  scale,  it  should  be  put  in  on  top  of  the  water  when  the 
boiler  is  cold,  then  the  bottom  blow  off  opened  and  the  water  with- 
drawn. The  oil  will  settle  on  the  scale  and  soak  in  after  which  some 
of  it  may  be  jarred  loose  and  washed  out.  Some  engineers  drain 
the  boiler  and  then  when  cold,  build  a light  fire  on  the  grates,  claim- 
ing that  the  expansion  of  the  metal  will  crack  the  scale  loose.  Care 
must  be  taken  if  this  remedy  is  tried,  not  to  overheat  the  boiler. 

There  seems  to  be  no  compound  that  is  safe  to  use  for  the  alkali 
water  found  in  many  parts  of  the  West.  It  is  the  substance  that 
makes  boilers  foam  so  badly.  Any  acid,  it  is  true,  will  neutralize  the 
alkali*  but  such  a remedy  is  very  dangerous  because  it  corrodes  the 
boiler  so  badly.  The  best  thing  to  do  in  this  case  is  to  blow  off  some 
of  the  water  two  or  three  times  every  day  and  so  keep  the  percent- 
age of  impurities  as  low  as  possible.  Indeed,  this  is  a good  rule  to 
follow  with  all  bad  feed  water. 

The  steam  rising  from  water  is  pure,  that  is,  it  does  not  contain 
any  of  the  impurities  that  make  scale.  These  all  remain  in  the 
water,  consequently  all  of  the  alkali  or  other  impurities  of  all  of  the 
water  fed  to  a boiler  will  remain  therein  unless  some  are  blown  out, 
and  the  result  is  that  the  remaining  water  in  the  boiler  keeps  getting 
more  and  more  impure.  A good  rule  to  follow  then  is  to  blow  out  a 
portion  of  the  water  each  day  or,  where  alkali  is  in  the  water,  several 
times  a day. 

At  the  end  of  the  season’s  run  the  engine  should  be  put  in  shape 
so  that  it  will  not  deteriorate  much  until  the  next  season.  First  of 
all  it  should  be  housed  in  a good  dry  place.  A man  can  not  afford 
to  own  a traction  engine  if  he  can’t  afford  a good  shelter  for  it. 
Rain  or  snow  or  moisture  should  not  touch  any  part  of  the  engine. 
Rust  is  caused  by  moisture  in  the  presence  of  air. 

The  boiler  should  be  drained  and  thoroughly  dried.  The  cylinder 
and  valve  should  be  oiled,  all  pipes  should  be  drained,  and  the 
brasses  removed.  The  packing  should  be  removed  from  the  piston 
rod  stuffing  box,  and  all  the  bright  portions  of  the  metal  given  a 
'coating  of  hard  oil,  or  better  yet,  coated  with  a mixture  of  white 
lead  and  tallow.  The  pump,  if  there  is  one,  should  be  taken  apart 
and  dried  and  given  a coat  of  hard  oil.  It  need  not  be  put  together 
again  until  next  season. 
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Then  the  fire  box,  ash  pit,  and  combustion  chamber  should  be 
cleaned  out  thoroughly.  It  is  a good  plan  also  to  paint  the  chimney 
and  those  parts  of  the  boiler  not  covered  by  the  jacket,  with  asphal- 
tum  paint.  If  all  these  details  are  looked  after  conscientiously  the 
engine  will  be  in  good  shape  for  the  next  season. 

A traction  engine  needs  intelligent  care  all  the  time,  if  the  owner 
wishes  to  make  the  most  of  his  investment. 
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